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ABSTRACT 
Post-partum depressive symptoms (PDS) are defmed by feelings of sadness, 
depression, and anhedonia during the year after giving birth. PDS ranges in severity from 
transient 'baby-blues' experienced by over 80% of mothers shortly after birth to 10-15% 
fulfilling criteria for a major depressive episode. PDS can have profound long-term 
consequences for mothers and families if left untreated, impairing mother-infant bonding, 
leading to delayed development in children. PDS may also impact the mother's use of 
infant health care. This dissertation explores risk factors for PDS and its consequences 
using population-based data from the Massachusetts Pregnancy Risk Assessment 
Monitoring System (MA-PRAMS). 
In study 1, we examined the association between common life stressors including 
partner-related, financial-related, traumatic-related, and emotional-related, and PDS 
prevalence. Common life stressors during pregnancy were associated with an increased 
prevalence of PDS, with the strongest association seen for partner-related stressors, the 
most commonly reported stressor. However, mothers with PDS who experienced partner-
related stressors were also least likely to seek help for their depression, relative to 
mothers with other grouped stressors or no stressors. 
In study 2, we assessed the association between infertility treatment (1FT) and 
Vll 
PDS risk. There was no appreciable association between 1FT use and PDS overall. 
However, we found that 1FT users who delivered multiples (e.g. , twins or triplets) had a 
lower risk of PDS compared with non-users of 1FT who delivered multiples, persistent 
across mode of delivery. Among mothers with PDS, we found little evidence of an 
association between 1FT and seeking help for depression, regardless of plurality. 
lp study 3, we examined the association between PDS and mother's use of 
hospital-based infant healthcare (Hili) in the 24 months after birth, using MA-PRAMS 
data linked to the Pregnancy to Early Life Longitudinal Linkage (PELL) study. Overall, 
there was little evidence of an association between PDS and HIH. However, we observed 
significant differences across race/ethnic populations. Among White non-Hispanic and 
Hispanic mothers, PDS was associated with a small increased risk of Hili, while among 
Asian mothers, PDS was associated with an inverse risk ofHIH. No appreciable 
association was found between PDS and Hili among Black non-Hispanic mothers. 
Vlll 
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INTRODUCTION 
Post-pmium depressive symptoms (PDS) are defmed by feelings of sadness and 
depression, and anhedonia-the loss of interest in previously pleasurable activities. 1' 2 
PDS range in severity from transient 'baby-blues' experienced by over 80% of mothers 
shortly after birth to 10-15% fulfilling criteria for a major depressive episode.3-5 PDS can 
have profound long-term consequences for mothers and families if left untreated, 
including impaired mother-infant bonding and delayed social and cognitive development 
in children. 1' 6-8 In addition, PDS may influence the mother's use of infant health care. 
50-80% of mothers with moderate-to-severe postpartum depressive symptoms do not 
seek help from a health care or mental health professiona1.9' 10 Although prior psychiatric 
illness is a known risk factor for PDS, 25-75% of women who either self-report or are 
diagnosed with serious PDS do not report a history ofmood disorder. 1' II-I 4 
Major traumatic experiences have been associated with elevated maternal 
corticotropin-releasing hormones and elevated corticosteroid levels, which are in turn 
associated with melancholic depression. 15 Studies have examined stressful events and the 
development of depression among pregnant women already under the care of a mental 
health provider as risk factors for a major depressive episode. 16' 17 However, these 
studies may lack generalizabi1ity because they exclude the larger proportion of mothers 
with debilitating depressive symptoms who have not been formally diagnosed. 
Infertility treatment use is steadily increasing, due to the expanding infertility 
treatment options, and to the trend for women to delay childbearing. In 2012, over 1% of 
all live births in the US were conceived through assisted reproductive technology, 
1 
representing a doubling of use in the last decade. 18 Infertility treatment utilization that 
does not lead to successful birth is well-recognized as having profound effects on 
emotional and psychological well-being. 19' 20 Yet, the assessment of well-being in 
women who have successfully utilized infertility treatment is only recently emerging, 
with conflicting results.21 -23 As part of infertility treatment, a woman may utilize a 
sequence of increasingly invasive technologies, from ovulation-stimulating hormones to 
embryo implantation--depending on the reasons thought to underlie the couple's 
infertility. Because gonadotropin releasing hormone agonists (GnRH-a) may induce 
depressive symptoms, anxiety and fatigue, via hypogonadism, it is reasonable to consider 
GnRH-a as having an independent or contributing role in the mechanism ofPDS.24 
Maternal mood disorders, including increased stress and anxiety, negatively affect 
parenting and can lead to increased utilization of health care for infants when mothers are 
overly worried about illness?5-27 However, limited data also suggest that depressed 
mothers engage in fewer safe-infant practices including fewer well-baby checkups and 
lower infant immunization rates. 28-34 While early studies showed that depressed mothers 
had reported their offspring to have more accidents than offspring of the non-depressed 
mothers, 35 research on infants ' health care use is only recently emerging. Furthermore, 
among mothers with PDS, there has been no study of whether mothers who seek help 
from a mental health provider have different behaviors regarding their use of infant's 
health care compared with mothers who do not seek help. 
Since 1987, several states in the U.S. have used the Pregnancy Risk Assessment 
Monitoring System (PRAMS) data to examine maternal experiences and behaviors 
2 
before, during and shortly after pregnancy. Risk factors for PDS have been previously 
examined using PRAMS data and public health interventions based on the results were 
initiated. 36 However, data specifically from Massachusetts have not yet been analyzed in 
this way. 
This doctoral thesis extends our understanding of risk factors for developing 
postpartum depressive symptoms and for its consequences. The first and second studies 
examine risk factors for developing PDS using Massachusetts-PRAMS data. The third 
study examines PDS as a risk factor for increased hospital-based infant healthcare 
utilization during the twenty-four months after birth, using population-based data from 
Massachusetts-PRAMS and the Pregnancy to Early Life Longitudinal Linkage data 
system. 
3 
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2. STRESSFUL PERINATAL EVENTS AND POSTPARTUM DEPRESSIVE 
SYMPTOMS 
2.1 ABSTRACT 
BACKGROUND: Understanding the influence of perinatal stressors on the prevalence 
of postpartum depressive symptoms (PDS) can inform service provision and improve 
health outcomes. We investigated the association between perinatal stressors and 
prevalence of PDS, and subsequent help-seeking for PDS, in a population based study of 
mothers from Massachusetts. 
METHODS: We used cross-sectional, population-based data from the Massachusetts 
Pregnancy Risk Assessment Monitoring System (MA-PRAMS) 2007-2010 to evaluate 
the association between selected common perinatal stressors and PDS, and with 
subsequent help-seeking behaviors. We categorized 12 stressors into 4 groups: partner, 
traumatic, fmancial and emotional. We defined PDS as the report of 'Always ' or 'Often' 
to any depressive symptoms on PRAMS Phase 5, or to a composite score ~1 0 on PRAMS 
Phase 6 depression questions, compared with women who reported 'sometimes,' rarely ', 
or 'never' to all depressive symptoms. The median response time to MA-PRAMS 
survey=3.2 months, interquartile range 2.9-4.0 months. Prevalence estimates were 
weighted for race/ethnicity using SUDAAN. We used modified Poisson regression 
models to estimate prevalence ratios (PR) and 95% confidence intervals (CI), controlling 
for socioeconomic status indicators, pregnancy intention, intimate partner violence and 
prior mental health visits. 
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RESULTS: Among 5,395 mothers who participated in MA-PRAMS during 2007-2010, 
58% reported 2:1 stressor (partner=26%, traumatic= 16%, fmancial=29% and 
emotional=30%). Report of2:1 stressor was associated with an increased prevalence of 
PDS (PR=1.68, 95% Cl: 1.42-1.98). The strongest associations were observed for 
partner stress (PR=1.90, 95% CI: 1.51-2.38), then fmancial stress (PR=1.22, 95% CI: 
0.94-1.57), traumatic stress (PR=1.13 , 95% Cl: 0.78-1.63) and emotional stress 
(PR = 1. 05, 95% CI: 0. 81-1.36). Overall, 3 8% of mothers with PDS reported seeking help 
from a mental health provider. Among the 12.3% of mothers with PDS, the report of one 
or more stressors was associated with an increased prevalence of seeking help, compared 
to mothers with no stressors, (PR=2.25, 95% CI: 1.87-2.71). Reporting traumatic, 
fmancial and emotional related stressors was associated with seeking help, compared to 
reporting no stressors (PR=1.39, 95% CI: 1.10-1.77, PR=1.53 , 95% CI: 1.21-1.94, 
PR=1.40, 95%CI: 1.13-1.74, respectively). 
CONCLUSIONS: Women who reported the occurrence of common perinatal life 
stressors-particularly partner-related stressors-had an increased prevalence ofPDS. 
However, less than half of the mothers with PDS sought help. These data suggest that 
screening women during pregnancy for a range of stressors might identify women at 
higher risk for PDS. Mothers with PDS would benefit from increased encouragement to 
seek treatment. 
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2.2 INTRODUCTION 
Postpartum depressive symptoms (PDS) are defined as feelings of sadness and 
hopelessness during the year after giving birth. 1' 2 The prevalence ofPDS in the U.S. 
ranges from 80% for mothers with transient 'baby-blues' to 10-15% for mothers fulfilling 
criteria for major postpartum depression (PPD, a major depressive episode occurring in 
the postpartum period-Appendix 6.1.1 ). 3 While studies have consistently shown an 
association between PPD and poor infant and child outcomes, including delayed language 
development and difficulty in school, 1' 4-6 other studies suggest that even moderate levels 
ofPDS, which don't meet the DSM-IV-TR criteria for PPD, can have profound long-
term consequences for mothers and families if left untreated, impairing mother-infant 
bonding, and delaying social and cognitive development in children. 1• 7• 8 Despite the 
serious consequences ofPDS, 50-80% of mothers with PDS do not seek help, even 
though effective treatments are available.9• 10 
Depressive symptoms occur in 10-15% of all women of reproductive age in the 
United States. 11 ' 12 Although a history of major depressive episodes, obsessive 
compulsive disorder, anxiety and other severe psychiatric illnesses such as psychosis are 
known risk factors for PDS, 1' 13-15 25-75% of women who are diagnosed with PDS do not 
h. . h" I 15 16 In h h h 1 . . . d 1 report a psyc 1atnc 1story. ' ' pregnancy, t e ypot a arnic-p1tu1tary-a rena 
(HP A) axis causes increase in corticotropin-releasing hormone (CRH), bound and 
unbound cortisol, adrenocorticotropin-releasing hormone (ACTH) and the salivary 
cortisol awakening response (CAR). Stress changes the levels of hormones in the HP A 
axis, especially for cortisol, CRH and ACTH. 17-2° Catastrophic perinatal events, such as 
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h . 1 13 21 22 • k 23 1 d d d" ( p ys1ca trauma, ' ' terronst attac s, natura an man-rna e 1sasters e.g., 
hurricanes, earthquakes, tsunamis, Chemobyli4-28 are predictors ofPDS ~or mothers in 
the general population.29 However, studies of other risk factors for PDS, including birth 
defects, preterm delivery, maternal employment, age, education, body mass index (BMI) 
and mode of delivery, have been inconclusive due to differences across studies in the 
populations examined, the measurement of risk factors, and the definition of PDS. 3• 30-33 
The present study assesses the association between self-reported perinatal 
stressors and the development ofPDS in a representative sample of mothers who recently 
gave birth in Massachusetts during 2007-2010. We also examine the association between 
specific groups of life stressors and seeking help for mental health among recent mothers 
who reported PDS to better understand the association between risk factors for PDS and 
seeking help, as effective treatments are available. 
2.3METHODS 
2.3.1 Participants and Procedures: 
Study subjects were mothers who participated in the Massachusetts Pregnancy 
Risk Assessment Monitoring System (MA-PRAMS) in 2007,2008,2009 or 2010. 
PRAMS is a multi-state, population-based surveillance system funded by the Centers for 
Disease Control and Prevention (CDC) in collaboration with state health departments. 
PRAMS surveys include both core questions that are administered in all participating 
states and state-specific questions. The project collects data on matem'!l experiences and 
behaviors that occur before, during, and after pregnancy as well as in early infancy. 
Details of PRAMS methodology and protocol have been published elsewhere. 34 MA-
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PRAMS includes questions on maternal characteristics, pregnancy intention, cigarette 
and alcohol use, specific stressful events and intimate partner violence during the 12 
months prior to birth, and questions on birth outcomes, maternal mood and health after 
birth. PRAMS participants are randomly selected between 2 and 6 months postpartum 
from state birth certificate information. The majority of mothers completed the PRAMS 
survey 3-4 months postpartum (median 3.2 months, interquartile range 2.9-4.0 months) 
and represent approximately 3.0% of all MA women delivering a live birth during the 
study period. Mothers who are selected to participate receive a mailed survey, with non-
respondents receiving follow-up mail surveys and telephone contacts. To ensure 
adequate representation of raciaVethnic minority groups, MA PRAMS oversamples 
women by race and ethnicity. The survey is administered in both English and Spanish. 
Mothers of twins and triplets have one infant randomly selected by the state's 
Department of Public Health to be the index infant. Mothers whose pregnancy ended in 
stillbirth or multiple-births resulting in greater than triplets are excluded from PRAMS. 
MA-PRAMS has a 65-70% yearly weighted response rate. The study was approved by 
the Institutional Review Board of the Massachusetts Department of Public Health. 
2. 3. 2 Assessment of Exposures: 
PRAMS asked mothers if they had experienced any of thirteen specific stressful 
events during the 12 months before their new infant was born (yes versus no). These 
events were listed as: 1) Mother argued with partner more than usual, 2) Someone very 
close to mother had a bad problem with drinking/drugs, 3) Partner said didn't want 
pregnancy, 4) Separation/divorce, 5) Partner or mother went to jail, 6) Mother was in a 
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physical fight, 7) Moved to new address, 8) Had a lot of bills mother couldn't pay, 9) 
Partner lost job, 1 0) Mother herself lost job, 11) Mother homeless, 12) Close family 
member sick, and 13) Someone very close to mother died. Because 'Moved to new 
address' could be perceived as either a positive experience or the negative result of 
fmancial decline, we decided not to include this event in our analysis. We created a 
single binary variable for experiencing any of the remaining 12 stressful events, Yes/No. 
We also grouped the 12 stressful events into 4 categories based on the work of 
Ahluwalia,35 and utilized in the PRAMS 2000 CDC report: 36 Partner-Related (#1, 3, 4); 
Traumatic (#2, 5, 6, 11); Financial (#8-10); Emotional (#12-13), with "no reported 
stressors" as the comparison category. Confirmatory factor analysis in our data 
supported the categorization of stressors into these four groups (data not shown). 
While most of the stressors can be regarded as concrete events that may be 
reported objectively (e.g., mother lost job, partner went to jail, mother became separated 
or divorced, or someone close to mother died), other stressors, such as 'argued with 
partner more than usual,' were more subjective. To reduce concern for reporting bias, we 
also repeated the analyses after the exclusion of 'argued with partner more than usual'. 
2.3.3 Assessment of Outcomes: 
PRAMS asks mothers questions about their mood using a Likert-like scale. These 
questions are similar to those asked on the Patient Health Questionnaire-2 (PHQ-2) 
depression model/7 an effective screening tool for depressive symptoms (Appendix 
6.1.2).38' 39 PRAMS questions about PDS were modified and piloted by the CDC. 
PRAMS Phase 5 (2007 -2008) asked: 
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1) Since your new baby was born, how often have you felt down, depressed 
or hopeless, and 2) Since your new baby was born how often have you had 
little interest or little pleasure in doing things? Response options were: 
Always, Often, Sometimes, Rarely, Never. 
PRAMS Phase 6 (2009-2010) asked: 
Below is a list of feelings and experiences that women sometimes have 
after childbirth. Read each item to determine how well it describes your 
feelings and experiences. Then write on the line the number of the choice 
that best describes how often you have felt or experienced things this way 
since your new baby was born: A) I felt down, depressed or sad. B) I felt 
hopeless. C) I felt slowed down. 
Response options were on a Likert scale with Never =1, Rarely =2, 
Sometimes=3, Often =4, Always =5, for A, B, and C each. 
Our definition of PDS was informed by component questions used to identify 
depression in the DSM-IV-TR,2 on the PHQ-240 and by the CDC.41 For Phase 5 
participants, we defmed mothers as having PDS if they reported "Always" or "Often" to 
either question on depressive symptoms in Phase 5. As recommended by the CDC, for 
Phase 6 participants we summed the scores of depression symptom responses and defmed 
mothers as having PDS if they had summed depressive symptom scores ~_10.41 To have 
greater comparability with Phase 5 participants, we also defined mothers as having PDS 
if they reported "Always" or "Often" to either part A orB to Phase 6 questions. We 
defined mothers who reported "Sometimes/ Rarely/Never" to all questions as our 
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reference group. This method yields 63% sensitivity and 83% specificity for depression 
in Phase 5, and 56.8% sensitivity and 86.6% specificity in Phase 6, compared with the 
PHQ-2.41 
PRAMS also asks about postpartum help-seeking behavior specifically for depression: 
Since your new baby was born, have you asked for help for depression 
from a doctor, nurse or other health care provider? "Yes/No" 
We then examined the association between categories of stressful perinatal events 
and seeking help among mothers with PDS. 
2. 3. 4 Assessment of Covariates: 
Informed by directed acyclic graphs42 and guided by the literature,33' 43-45 we 
considered covariates that are associated with both stressful perinatal events and PDS as 
potential confounders. Variables associated with stressful perinatal events and PDS in 
the literature include: mothers' age, education, yearly family income, marital status, 
cigarette use in pregnancy, intimate partner violence (IPV), government-paid health care 
during pregnancy, delivery and postnatally and WIC nutritional service use, pregnancy 
intention, congenital malformations and birth weight. We also assessed potential 
confounding factors including race/ethnicity, parity, pre-pregnancy body mass index 
(BMI) , infant sex, plurality, gestational age, mode of delivery, stay in neonatal intensive 
care unit (NICU), length of hospital stay, and mother's prior mental health status 
(available only forMA-PRAMS Phase 6, 2009-10). For variables not available on MA-
PRAMS, we obtained data from linked birth certificate records 
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2.3.5 Exclusions: 
Of the 5,899 mothers who completed PRAMS in 2007,2008, 2009 or 2010, we 
excluded 504 mothers who had missing or implausible data on the specific stressors 
(n=315) or PDS (n=256), or whose infant had died shortly after birth, before the 
opportunity for completion of PRAMS (n=40). After these exclusions, 5,395 mothers 
remained for analysis. 
2.3.6 Data Analysis: 
We used SUDAAN to account for the complex survey design of PRAMS and to 
obtain prevalence estimates weighted by race/ ethnicity. We used a modified Poisson 
regression model with a robust error variance to directly estimate prevalence ratios (PR) 
and 95% confidence intervals (CI) for the association between stressful life events and 
PDS.46 We used the same type of model to estimate PRs for the association between 
stressors and help-seeking behavior among women with PDS. Only those potential 
confounders that changed the effect estimate by greater than 1 0% were retained in the 
fmal model, provided they were not believed to be potential causal intermediates.47' 48 
Based on these criteria, we controlled for maternal age (in categories based on frequency 
distributions: <20, 20-24, 25-29, 30-34,2: 35 years), education(< high school diploma, 
high school diploma, some college, and completed college), family income (<$15k, 
$15k-24.9k, $25k-49.9k, and 2:$50k), government paid pregnancy-related care/ WIC 
services, smoking (any, none), marital status (married versus not married), pregnancy 
intention (wanted pregnancy then or sooner, wanted pregnancy later, and did not want 
pregnancy), intimate partner violence (any, none) and prior mental health condition 
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available for 2009-2010 data, defined as mother visited health care professional before 
pregnancy for mental anxiety or depression (Yes/No). We also controlled for calendar 
year ofPRAMS because of notable secular changes during 2007-2010 including the 
economic decline in Massachusetts and the increased awareness of depression from 
mental health campaigns. Regression analyses were performed using SAS version 9.3 
(SAS Institute, Inc. NC). 
2.4 RESULTS 
Selected baseline characteristics of mothers and their infants are presented in 
Table 2.1. Mothers who reported at least 1 stressor during the perinatal period were more 
likely to be younger, unmarried, overweight or obese, smokers, and have lower education 
and family income than mothers who reported no stressors. Mothers who reported any 
stressors were also more likely to report a pregnancy intention of ' later' (32.0%) or 'did 
not want pregnancy' (8.4%), compared with mothers who reported no stressors (16.8% 
and 3.6% respectively). We did not observe any appreciable differences in the 
prevalence of stressors according to mode of delivery (vaginal versus Cesarean) or 
feeding practices (breast feeding versus formula, data not shown). Mothers excluded 
from analysis because of missing data, or because their infant had died were more likely 
to have lower education, lower family income, be of Black non-Hispanic, or Hispanic 
race, have 3 or more children, have had no prenatal care in the first trimester, or have had 
an infant with a birth defect compared with mothers who were included in our analysis 
(Appendix 6.1.3). 
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Frequency distributions of the 12 individual stressful events and 4 categories of 
stressors are presented in Table 2.2. The prevalence of individual stressors ranged from 
2.0% for 'mother in a physical fight' to 23.1% for 'family member very sick'. The 
prevalence of grouped stressors ranged from 16.4% for Traumatic stressors to 29.8% for 
Emotional stressors. Prevalence estimates for 'partner lost job' and for 4-6 stressors were 
higher among the 2009-2010 PRAMS respondents than the 2007-2008 respondents. 
Frequencies of specific responses to PDS questions are provided in Appendix 6.1.4. 
Unadjusted and adjusted PRs for the association between stressful perinatal events 
and PDS are presented in Table 2.3. Of the 3,181 mothers with 2: 1 stressor, 16.0% 
reported PDS, compared with 6.9% among the 2,214 mothers who reported no stressors. 
The unadjusted prevalence ratio for PDS among mothers with any stressors compared 
with mothers without any ofthe 12 stressors was 2.07 (95% CI: 1.78-2.40). Regression 
models that adjusted only for the presence of other stressors yielded PRs of2.08 (95% 
CI: 1.69-2.56) for Partner-related stressors, 1.23 (95% CI: 0.88-1. 72) for Traumatic 
stressors, 1.37 (95% CI: 1.09-1.72) for Financial-related stressors, and 0.97 (95% CI: 
0. 75-1.25) for Emotional-related stressors. PRs from multi variable models that also 
adjusted for maternal age, education, family income, pregnancy intention, smoking, 
marital status and intimate partner violence were attenuated slightly, with Partner-related 
stressors still showing nearly a two-fold increase in PDS prevalence relative to no 
stressors. In the multivariable models, other grouped stressors showed imprecise Cis. 
Multivariable models that further adjusted for prenatal care, calendar year, government 
paid care for prenatal care and/or delivery, and participation in the Women, Infants, and 
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Children (WIC) program showed only slight attenuation when compared with the original 
multi variable model (data not shown). Although BMI was independently associated with 
stressors and PDS, this variable did not change our effect estimate by more than 10% and 
was not included in our final multivariable models. 
When we repeated the analyses after excluding the subjective stressor ' argued 
with partner more than usual ' (reported by 22%), the fully adjusted PR for the association 
between any stressor and PDS was 1.42, (95% CI: 1.22-1.65). The fully adjusted PR for 
Partner-related stressor-arguing excluded---was 1.25 (95% CI: 0.90-1.75). Almost half 
of the mothers had between one and three stressors (47.7%), while 9.3% had four to six 
stressors. Only 1.3% of mothers reported seven or more stressors. We observed a dose-
response relation between the number of stressors reported by mothers and PDS 
prevalence. In the fully adjusted models, PRs were 1.54 (95% CI: 1.30-1.84) for 1-3 
stressors, 2.39 (95% CI: 1.92-2.99) for 4-6 stressors, and 3.50 (95% CI: 2.58-4.75) for ?_7 
stressors compared with no stressors. 
Out of concern that some of our covariates correlated with our main exposures, 
we repeated our analyses without inclusion of these covariates. For models of Partner-
related stressors, we omitted 'pregnancy intention' and 'intimate partner violence' and for 
models of Financial-related stressors, we omitted 'yearly family income' . Results for 
these models changed very little compared to the fully adjusted models with PR=1.91 
(95% CI: 1.53-2.38) for the association of Partner-related stressors with PDS omitting the 
covariates 'pregnancy intention' and 'intimate partner violence ' versus PR=1.90 (95% 
CI: 1.51-2.38) for the full models. For Financial-related stressors, the PR for the model 
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omitting 'yearly family income' was 1.21 (95% CI: 0.95-1.54) versus 1.22 (95% CI: 
0.94-1.57) for the full model (data not shown). 
Individual perinatal stressors and their association with PDS are presented in 
Table 2.4. The strongest positive associations were found for 'argue with partner more' 
(PR=2.20, 95% CI: 1.80-2.69), 'mother lost job' (PR=l.50, 95% CI: 1.09-2.07), 
'someone close had an alcohoVdrug problem' (PR=1.47, 95% CI: 1.03-2.08), and 'had 
bills that I couldn't pay' (PR=1.41, 95% CI: 1.10-1.82), with these models adjusting for 
the presence of other stressors. In a sensitivity analysis, we compared mothers who 
responded 'always/ often' to mothers responding 'rarely/ never' for their depressive 
symptoms. The prevalence of women within each 1FT categmy increased, as fewer of 
the women who responded 'sometimes' to depressive symptoms reported the exposure. 
Furthermore, the proportion of women within each 1FT category who reported PDS also 
increased. The PRs and their 95% Cis did not substantially change, compared to the 
results with the definition ofPDS that includes 'sometimes/ rarely/ never' in the 
comparison group (Table 2.5 and Table 2.6). 
Mothers with a history of mental health conditions are at an increased risk of 
developing PDS, 15• 16• 49-52 arid such a history may increase the risk of stressful life events, 
meeting our criteria for a potential confounding variable. However, collection of 
information in MA-PRAMS on prior mental health service utilization first began in 2009. 
When we adjusted for mother's prior mental health condition in 2009-2010 using the 
MA-PRAMS phase 6 question 'did you visit a health care worker to be checked or 
treated for depression or anxiety? Yes/No', our results were comparable to models that 
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did not adjust for this variable (Table 2.7). We also examined models that stratified on 
mother's prior mental health visit. PRs for the association between stressors and PDS 
among mothers who reported a prior mental health visit were comparable to the PRs 
among mothers who did not report a prior mental health visit (Table 2.8 and Table 2.9 
respectively). 
Half of the mothers with PDS reported a Partner-related (49.6.0%) or Financial-
related (48.6%) stressor. However, less than half of all mothers with PDS who 
experienced any of the categories of stressors sought help for their PDS (Table 2.1 0). 
Among mothers with Partner-related stressors, only 40.8% sought help, and among 
mothers with Traumatic stressors, less than half ( 43.2%) sought help. In unadjusted 
models, the presence of any stressor, and each of the categories of grouped stressors were 
associated with an increased prevalence of help seeking for PDS. In our adjusted models, 
Trauma, Financial and Emotional stressors remained associated with help seeking, while 
the association between Partner stressors-which were the most common-and help 
seeking for PDS had confidence intervals that include the null. Mothers with 2: 4 
stressors were more likely to seek help than were mothers with 1-3 stressors. While in 
unadjusted models, each of the individual stressors was initially associated with an 
increase in seeking help, controlling for the presence of other stressors mitigated the 
associations between stressors and help-seeking except for 'homeless' and 'had bills that 
I couldn't pay' (data not shown). 
We also investigated whether mothers who had reported prior mental health 
service utilization would be more likely to seek help for their PDS compared with 
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mothers who had no such history. However, we observed little difference between the 
models that stratified on prior mental health visits (data not shown). The PRAMS 
question regarding mental health help-seeking after pregnancy specifically asked about 
seeking help for depression. However, of the mothers who asked for help for depression, 
only 42.7% met our criteria for PDS. 
2.5 DISCUSSION 
In this state-wide representative study of Massachusetts mothers who gave birth 
during 2007-2010, we found a positive association between the report of at least one life 
stressor during the perinatal period and the prevalence ofPDS. The positive associations 
between perinatal stressors and PDS were strongest for Partner-related stressors, 
indicating a nearly two-fold increase in the prevalence ofPDS associated with the report 
ofPartner-:related stressors. In analyses that omitted Partner-related arguing from 
consideration as a stressor, there was a modest attenuation in association estimates. We 
also found evidence of a dose-response relation; the prevalence of PDS increased with 
increasing numbers of stressors, with mothers who reported ?:_7 stressors reporting more 
than three-fold increase in the prevalence ofPDS. 
"Our study's findings are supported by biological studies of stress and cortisol 
measures. 53' 54 Maternal cortisol is known to peak just before birth, with levels typically 
returning to baseline within 8 weeks postpartum in mothers without depression. 55 Major 
stressful experiences have been associated with elevated maternal corticotrophin-
releasing hormones and elevated corticosteroid levels, 56 while melancholic depression is 
associated with elevated cortisol levels. 57 Moreover, pre-pregnancy stressors may have a 
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more lasting effect on the hypothalamic-pituitary-adrenal (HP A) axis than perinatal 
stressors. However, there is a scarcity of literature on whether certain types of stressors 
have a greater effect on the HP A axis, compared with other life stressors. 
When we adjusted for previous mental health visits, our estimates of association 
persisted. Various sensitivity analyses suggested that the mother' s report of mental 
health visits for anxiety or depression before pregnancy did not fully explain the strong 
associations we find between stressors and PDS in our data. The prevalence of Financial 
stressors, particularly 'partner lost job' and the prevalence of mothers seeking help for 
PDS both increased in the 2009-2010 PRAMS compared to 2007-2008 reports (Table 
2.2). This increase coincides with both the national economic downturn, which, for 
Massachusetts, bottomed out in 2009,58 and with an increase in awareness of depression, 
in part due to media campaigns by such groups as Families for Depression Awareness. 59 
On August 19, 2010, Massachusetts enacted Chapter 313, An Act Relative To Postpartum 
Depression,60 which mandates developing screening practices, mental health care referral 
protocol and reporting of data to the Massachusetts Department of Public Health. 
Other studies have found conflicting results for predictors of help-seeking 
b h . ~ PDS 9 61-66 Th . . . . d. e av10rs .~_or . ' ese mcons1stenc1es m pre 1ctors occur across age groups, 
and reflect variations in geographic region (urban versus rural), education, race/ethnicity, 
and parity as well as family income and relationship status with partner/father of baby. In 
Massachusetts, health care insurance has been mandatory since 2007,67 including parity 
with mental health needs. Mothers who do not have or cannot afford private insurance 
are eligible for medical insurance through MassHealth/Commonwealth Care. Results 
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after further adjustment for access to medical care via starting prenatal care in the first 
trimester were not appreciably different from the results of the model without this 
covariate, suggesting that access to pregnancy related medical care was not a strong 
confounder of our results. 
An overburdened mother working several jobs may not make time for her to seek 
mental health care, even if she has insurance to help pay for services. It is also possible 
that mothers suffering from clinical depressive symptoms such as psychomotor 
retardation or diminished ability to concentrate may be so burdened by these depressive 
symptoms that they are unable to make use of mental health services. In addition, other 
non-fmancial obstacles (work-related, partner-related, physical distance from clinic, child 
care) may play a role in reducing access to care. Access to prenatal medical care is likely 
to differ from access to mental health care. For many women, pregnancy-related care is 
their sole form of contact with health care. Thus, after their 6-week postpartum checkup, 
these women no longer have routine contact with medical services. Furthermore, several 
studies suggest that some mothers feel that OB/GYN care is not an appropriate venue for 
seeking mental health care. 62' 63 ' 65 ' 66 
Our study has strengths and limitations. By using a population-sampled survey, 
weighted for race/ethnicity, our study was designed to be representative of all mothers 
who recently gave birth while living in Massachusetts. MA-PRAMS 2007-2010 has a 
65-70% yearly weighted response rate. In both MA-PRAMS 2007/2008 and 2009 
Surveillance Reports,42' 68 mothers who responded to PRAMS questionnaires were 
comparable to the state birth population in maternal characteristics of race/ ethnicity, age, 
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language and marital status. However, in 2009, 73.1% of PRAMS mothers were US-
born, and 49.0% had no previous live births compared with 69.9% and 54.2% 
respectively, of the MA birth population. Because we had no exposure or outcome data 
for non-respondents, we could not directly evaluate the extent to which selection bias 
influenced our results. If participation was lower among mothers with PDS as well as 
among mothers experiencing 2:1 PRAMS stress exposure, then our observed PR would be 
an underestimation. Because the majority of PRAMS surveys were completed by the 
fourth month post-partum, some mothers who indicated that they did not experience PDS 
at the time of PRAMS may have subsequently developed or recognized these symptoms 
after the next several months. 69 This would have led to under-ascertainment of cases and 
potentially a conservative PR if misclassification was influenced by exposure or if the 
specificity of outcome classification was less than 100%. The DSM-V restricts formal 
diagnosis of postpartum depression to mothers who develop symptoms in the four weeks 
following parturition. As MA-PRAMS sends out its surveys between 2-3 months 
postpartum, it is not possible to restrict our analysis to mothers with symptoms only in 
the first four weeks. However, the median response time to MA-PRAMS=3.2 months 
and studies indicate that the majority of mothers who develop PDS develop symptoms by 
three months postpartum. 70-72 
IfPDS case ascertainment was not influenced by stress exposure (i.e. , non-
differential and independent), then misclassification would likely bias our results toward 
the null, suggesting an even stronger PR than what we observed. We did not have a 
measure of stressor severity--measured in terms of degree, frequency, or duration. For 
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example, we had no information on the nature of a family member's illness, timing of 
family member's death or duration of difficulty with paying bills or of job loss, and thus 
had no measure of the stress level that these exposures would contribute. 
The same survey instrument in PRAMS was used to ascertain both exposure and 
outcome data, thus increasing the possibility of dependent misclassification, 73 e.g., if 
some women have a low threshold for reporting and are thus more likely to over-report 
PDS and arguing with their partner. However, we evaluated the potential impact of 
dependent error in our data using quantitative bias analysis software (developed by Lash, 
Fox and Fink)/4• 75 by looking for rates of dependent error that would lead a null 
association to appear as the data we observed in our study. The results of these bias 
analyses suggest that dependent exposure-disease misclassification is unlikely to 
completely explain the positive associations between stressors and self-reported PDS. 
Even in cases where we assumed that the rate of dependent misclassification was 15% 
(i.e., if 15% of non-exposed non-cases were erroneously coded as exposed cases, or if 
15% of cases erroneously reported exposure due to their case-status), the true association 
between exposure and outcome would still be positive. We chose a definition ofPDS 
that included debilitating symptoms, but did not require a clinical diagnosis. Because it is 
unlikely for mothers to report depressive symptoms in the absence of these symptoms, we 
think it is unlikely for the 15% threshold of dependent misclassification to have been 
reached. Furthermore, although PRAMS data are self-reported, the questions related to 
depression are very similar to those questions asked in a clinical setting, relying on self-
report from the patient. 
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Our study adds to the growing literature documenting an association between pre-
and perinatal stressors and the development of PDS using population-based data on 
specific life stressors. Stressful events in the perinatal period were common in our 
cohort: more than half of all mothers reported at least one of the indicated stressors, and 1 
out of 5 mothers reported at least 3 stressors. Although Massachusetts' mothers tend to 
have higher education, later ages at childbearing, and higher income than the national 
average, the prevalence ofPDS in our study (12.3%) is consistent with nationally 
reported PDS prevalence estimates, 1 • 36 suggesting that our findings might extend to 
populations in other states. In agreement with other studies, 15• 16• 30• 50 the association 
between pre- and perinatal stressors and PDS persisted among young mothers (<20 
years), mothers with low family income (<$15k) and mothers with less than a high school 
diploma, suggesting that our findings may apply to a larger population. 
The report of common life stressors during pregnancy was strongly associated 
with an increased prevalence of PDS, with the strongest association seen for partner-
related stressors, the most common stressor. However, mothers who experienced patiner-
related stressors were also the least likely to seek help for their PDS, compared to 
mothers with other grouped stressors. This is an important public health fmding because 
mothers are still in frequent contact with health care professionals during their pregnancy 
and in early infancy, providing an opportunity for monitoring mood and early 
intervention for mothers experiencing partner-related stressors. Such mothers may need 
additional encouragement and support to seek help. These data suggest that regular 
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screening of women for a wide range of stress-related events during the perinatal period 
and encouraging women to seek help may be effective for primary prevention ofPDS. 
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Table 2.1 Characteristics of mothers and their infants in MA-PRAMS, 2007-2010 
Any No 
Stressor•b 
PDS" NoPDS" 
Maternal Characteristics Stressor" 
(n=3,181) (n=2,214) (n=806) (n=4,589) 
Maternal Age (years), 28.3 30.9 28.0 29.6 
mean(SE) (0.15) (0.15) (0.31) (0.12) 
Maternal Age (years) % 
< 20 7.9 3.5 8.8 5.7 
20-24 22.2 9.0 22.3 15.7 
25-29 26.0 23.6 23.2 25.2 
30-34 26.6 37.7 28.2 31.6 
2: 35 17.3 26.2 15.6 21.8 
Maternal Education (%) 
< High school diploma 11.7 6.6 12.8 9.1 
High school diploma 32.1 17.0 34.2 24.7 
Some college 22.0 14.5 20.2 18.7 
Completed college 34.2 61.8 32.7 47.5 
Family Income(%) 
< $15,000 27.7 11.3 34.7 18.9 
$15,000-$24,999 11.4 5.3 12.6 8.4 
$25,000-$49,999 19.6 12.5 15.6 16.8 
2: $50,000 41.3 70.9 37.1 56.0 
Maternal race(%) 
White non-Hispanic 67.1 72.2 56.1 71.1 
Black non-Hispanic 10.0 5.2 11.7 7.6 
Hispanic 16.2 10.2 20.0 12.8 
Asian 5.4 11.1 10.5 7.4 
Other, non-Hispanic 1.3 1.1 1.7 1.1 
Married(%), no 46.8 18.0 50.0 32.7 
Smoking in pregnancy(%) 10.5 2.3 10.8 6.5 
Pregnancy Intention (%) 
Then or sooner 59.6 79.6 50.6 70.4 
Later 32.0 16.8 37.8 23.9 
Did not want pregnancy 8.4 3.6 11.6 5.7 
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Gov't paid pregnancy/delivery or WIC usee (%) 57.1 28.3 63.7 42.5 
Family income < federal poverty level(%) 27.3 11.2 33.6 18.8 
Parity(%) 
1st born 49.7 49.3 48.8 49.7 
2nd 30.8 34.7 28.3 33.0 
3'd or higher 19.5 16.0 23.0 17.4 
Pre-pregnancy BMI (%) 
Underweight(< 18.5) 3.8 4.5 5.3 4.0 
Normal (18.5-24.9) 52.3 62.5 49.8 57.5 
Overweight (25.0-29.9) 23.4 20.0 20.8 22.2 
Obese (2: 30.0) 20.5 12.9 24.0 16.4 
No prenatal care in first trimester(%) 13.3 6.9 15.8 9.9 
Cesarean delivery (%) 31.8 32.5 38.2 31.2 
Intimate Partner Violence(%) 2.0 n/rd 3.0 1.0 
Depression/ anxiety visit before pregnancy" (%) 17.7 9.8 30.2 12.4 
HCW talked with mother dur~g prenatal care for 79.3 75 .9 77.7 78 .0 
depression during I after pregnancy"(%) 
Infant characteristics 
Infant had birth defect (%) 6.1 5.8 8.8 5.6 
Gestational Age < 37 weeks (%) 6.6 7.1 10.2 6.3 
Birth weight < 2500g (%) 7.0 6.8 10.3 6.4 
NICU stay(%) 12.5 11.5 16.7 11 .5 
•population-based frequencies were weighted by race/ethnicity. 
bOf 12 stressors in MA-PRAMS. 
clncludes Medicaid, Commonwealth Care, Free-Care or WIC use during prenatal care or delivery. 
dNot Reportable. Calculations based on fewer than 11 events are suppressed to maintain the privacy 
of data subjects per request from the Massachusetts Department of Public Health Privacy and Data 
Access Office. 
eQuestion in MA-PRAMS 2009-10 surveys, total N "=2,631 , n=1,611 with stressor exposure, n=1 ,020 
no stressors, n= 341 with PDS, n=2,290 no PDS. 
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Table 2.2 Frequency ofStressors, Postpartum Depressive Symptoms (PDS) and Help-Seeking by 
MA-PRAMS Phase 
all Mothers 2007-08 Phase 5 2009-10 Phase 6 
PRAMS stressors and PDS prevalence (N=5,395)" (N=2,764)" (N=2,631t 
Any of 12 Stressors (%) 58.4 56.7 60.0 
Any of 11 Stressors-argue excluded(%) 54.3 52.2b 56.6b 
Partner related stressors-argue included(%) 26.3 26.6 25.8 
Argued with Partner more than usual 22.0 22.3 21.6 
Separation! Divorce 6.5 6.1 6.7 
Partner didn't want pregnancy 7.4 7.5 7.2 
Partner related stressors-argue excluded 11.4 11.5 11.3 
Traumatic stressors (%) 16.4 15.5 17.3 
Someone close had alcohol/drug problem 12.3 11.5 13 .2 
Mother in a physical fight 2.0 2.1 2.0 
Mother or Partner went to jail 2.5 2.9 2.0 
Homeless 3.2 2.8 3.5 
Financial stressors (%) 29.0 26.9b 31.2b 
Had bills couldn't pay 19.9 19.2 20.5 
Partner lost job 11.9 9.4b 14.5b 
Mother lost job 8.4 8.3 8.3 
Emotional stressors (%) 29.8 28.4 31.2 
Family member very sick 23.1 21.3 24.4 
Someone close died 16.2 15 .8 16.6 
Number of Stressors (%) 
1-3 Stressors 47.7 46.7 48 .7 
4-6 Stressors 9.3 8.4b 10.4b 
31 
~ 7 Stressors 1.3 
PDS (%) 12.3c 
Sought help among those with PDS (%) 
Of those who sought help, reported PDS (%) 42.7 
•population-based frequencies were weighted by race/ethnicity. 
bDifference in prevalence between Phase 5 and Phase 6 p-value<0.03. 
cunweighted n=806, dunweighted n=465, eunweighted n=341. 
runweighted n=256, Sun weighted n= 115, ~weighted n=141 . 
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11.8e 
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39.1 46.0 
Table 2.3 Association between perinatal stressors and PDS prevalence among 2007-2010 
MA-PRAMS mothers 
%with unadjusted PR adjusted PRe multivariable N(%)a PRct 
PDS3 (95% CI) (95% CI) (95% CI) 
No Stressorb 2,214 (41.6) 6.9 1.00 (reference) 1.00 (reference) 1.00 (reference) 
Any Stressor 3,181 (58.4) 16.0 2.07 (1 . 78-2.40) 1 .68 ( 1.42-1 .98) 
Any Stressor 2,920 (54.3) 16.1 1.77 (1.54-2.03) 1.42 (1.22-1.65) 
(argue excluded) 
Group of Stressorse 
Partner 1,599 (26.3) 23.1 2.79 (2.39-3.26) 2.08 (1.69-2 .56) 1.90 (1.51-2.38) 
Partner-argue 739 (11.4) 24.9 2.53 (2.14-2.98) 1.55 (1.16-2.07) 1.25 (0 .90-1.75) 
excluded 
Trauma 845 (16.4) 21.7 2.79 (2.34-3.32) 1.23 (0 .88-1.72) 1.13 (0.78-1.63) 
Financial 1,701 (29.0) 20.5 2.38 (2.03-2.79) 1.37 (1.09-1.72) 1.22 (0 .94-1.57) 
Emotional 1,445 (29.7) 13.9 1.92 (1.61-2.28) 0.97 (0. 75-1.25) 1.05 (0.81-1.36) 
1-3 Stressors 2,578 (47.7) 13 .1 1.72 (1.47-2.02) 1.54 (1.30-1.84) 
4-6 Stressors 518 (9.3) 27.2 3.26 (2.71-3.93) 2.39 (1.92-2 .99) 
2: 7 Stressors 85 (1.3) 43.3 5.26 (4.07-6.80) 3.50 (2 .58-4.75) 
Population-based frequencies were weight by race/ethnicity. 
~eference group for all analyses. 
cAdjusted for other grouped stressors. 
dAdjusted for other grouped stressors and maternal age, education, family income, pregnancy 
intention, government paid care/ WIC use, smoking, marital status and intimate partner violence 
(IPV). 
eSubjects may have stressors in more than one group; therefore % may total more than I 00. 
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Table 2.4 MA-PRAMS individual stressors and PDS prevalence 
among all unadjusted multivariable 
Mothers8 PR PRb 
(N=5,374) (95% CI) (95% CI) 
Partner related stressors-with argue (%) 
Argued with Partner more than usual 22.0 3.07 (2.63-3.61) 2.20 (1.80-2.69) 
Separation/ Divorce 6.5 2.92 (2.38-3.58) 1.41 (0.92-2 .16) 
Partner didn't want pregnancy 7.4 3.12 (2 .57-3.79) 0.98 (0 .62-1.54) 
Traumatic stressors (%) 
Someone close had alcohol/drug 
12.3 2.94 (2.42-3 .58) 1.4 7 (I .03-2.08) 
problem 
Mother in a physical fight 2.0 3.51 (2. 72-4.52) 0.91 (0.42-1.97) 
Mother or Partner went to jail 2.5 3.01 (2.26-4.00) 1.11 (0.5I-2.42) 
Homeless 3.2 3.05 (2.4I-3 .86) 1.36 (0.89-2.06) 
Financial stressors (%) 
Had bills couldn't pay ] 9.9 2.70 (2.29-3.18) 1.41 (1.10-1.82) 
Partner lost job 11.9 2.56 (1.85-2.76) 0.76 (0.51-1.27) 
Mother lost job 8.4 2.60 (2 .13-3.17) ] .50 (1 .09-2.07) 
Emotional stressors (%) 
Family member very sick 23 .1 1.91 (1.59-2.30) 0.97 (0 .74-1.27) 
Someone Close died I 6.2 2.08 (1.71-2 .53) 1.11 (0 .81-1.52) 
8Population-based frequencies were weighted by race/ethnicity. 
b Adjusted for other stressors. 
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Table 2.5 Association between perinatal stressors and PDS prevalence among 2007-2010 
MA-PRAMS mothers, omitting mothers who responded 'sometimes' to PDS questions 
(N=3,823) 
N(%t %with unadjusted PR adjusted PRe multivariable PRd PDSa (95% CI) (95% CI) (95% CI) 
No Stressorb 1,684 (45.1) 8.9 1.00 (reference) 1.00 (reference) 1.00 (reference) 
Any Stressor 2,139 (54.9) 23 .6 2.34 (2 .02-2.71) 1.86 (1.58-2. 1 9) 
Any Stressor 1,966 (51.2) 23 .7 1.97 (1 .73-2.25) 1.53 (1.32-1.78) 
(argue excluded) 
Group of Stressorse 
Partner 1,018 (23.3) 36.1 3.33 (2 .87-3.87) 2.42 (1.99-2.93) 2.21 (1.79-2.73) 
Partner-argue 475 (10.1) 38.9 2.23 (1.94-2.55) 1.74 (1.33-2.28) 1.40 (1.03-1.90) 
excluded 
Trauma 565 (15.2) 32.3 3.17 (2 .69-3.74) 1.33 (0.97-1.81) 1.22 (0.87-1.70) 
Financial 1,090 (25 .8) 31.8 2.82 (2.42-3.29) 1.58 (1.27-1.96) 1.37 (1.08-1.73) 
Emotional 981 (28.2) 20.3 2.15 (1.82-2.54) 1.03 (0.81-1.31) 1.08 (0.84-1.38) 
1-3 Stressors 1,764 (45.7) 18.9 1.91 (1.64-2.23) 1. 70 ( 1.44-2.00) 
4-6 Stressors 316 (8.1) 43.6 4.07 (3.43-4.82) 2.86 (2.32-3 .51) 
~ 7 Stressors 59 (1.2) 69.5 5.76 (4 .66-7.13) 3.99 (3 .10-5.15) 
Population-based frequencies were weight by race/ethnicity. 
bReference group for all analyses. 
cAdjusted for other grouped stressors. 
d Adjusted for other grouped stressors and maternal age, education, family income, pregnancy 
intention, government paid care/ WIC use, smoking, marital status and IPV. 
eSubjects may have stressors in more than one group; therefore% may total more than 100. 
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Table 2.6 MA-PRAMS individual stressors and PDS prevalence, omitting mothers 
who responded 'sometimes' to PDS questions 
among all unadjusted PR multivaria ble 
Mothers3 (95% CI) PRb 
% (N=3,823) (95% CI) 
Partner related stressors-argue 23.3 (1 ,018) 3.33 (2.87-3.87) 2.42 (1.99-2.93) 
included(%) 
Argued with Partner more than 19.5 3.67 (3.16-4.26) 2.61 (2.17-3.15) 
usual 
Separation/ Divorce 5.6 3.48 (2.88-4.20) 1.66 (1.12-2.48) 
Partner didn't want pregnancy 6.6 3.60 (3.00-4.32) 1.28 (0.84-1.95) 
Traumatic stressors (%) 15.2 (565) 3.17 (2.69-3.74) 1.33 (0.97-1.81) 
Someone close had alcohoVdrug 11.5 3.41 (2.84-4.10) 1.71 (1.24-2.35) 
problem 
Mother in a physical fight 1.8 3.90 (3.09-4.92) 1.12 (0.55-2.30) 
Mother or Partner went to jail 2.1 3.64 (2.81-4.71) 1.34 (0.66-2.73) 
Homeless 3.1 3.31 (2.65-4.13) 1.46 (0.98-2.17) 
Financial stressors (%) 25.8 (1 ,090) 2.82 (2.42-3.29) 1.58 (1.27-1.96) 
Had bills couldn't pay 17.4 3.32 (2.84-3.89) 1.80 (1.43-2.28) 
Partner lost job 10.1 2.76 (2.29-3.33) 0.94 (0.64-1.36) 
Mother lost job 7.7 . 2.90 (2.40-3.50) 1.64 (1.22-2.20) 
Emotional stressors (%) 28.2 (981) 2.15 (1.82-2.54) 1.03 (0.81-1.31) 
Family member very sick 15.2 2.09 (1.75-2.50) 1.00 (0.77-1.30) 
Someone close died 22.2 2.42 (2.01-2.91) 1.27 (0.94-1.71) 
3Population-based frequencies were weighted by race/ethnicity. 
b Adjusted for other stressors. 
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Table 2.7 Association between perinatal stressors and PDS, with further control for prior mental health visits among 
2009-2010 MA-PRAMS mothers -Phase 6 
No Stressorb 
Any Stressor 
Grouped 
Stressorsr 
Partner 
Trauma 
· Financial 
Emotional 
1-3 Stressors 
4-6 Stressors 
2: 7 Stressors 
N(%t 
1,016 (40.0%) 
1,604 (60.0%) 
761 (25.8%) 
. 437 (17.3%) 
880 (31.2%) 
746 (31.2%) 
1,303 (48.7%) 
268 (10.3%) 
33 (1.0%) 
%with unadjusted PR 
PDS8 (95% CI) 
6.5% 1.00 (reference) 
15.3% 2.69 (2.08, -3.48) 
22.2% 3.84 (2.94-5.01) 
18.8% 3.58 (2.68-4.80) 
18.1% 2.92 (2.23-3 .84) 
14.3% 2.64 (1.99-3.51) 
12.8% 2.21 (1.69-2.90) 
24.2% 4.52 (3.34-6.1 0) 
43.8% 6.66 (4.19-10.57) 
3 Population-based frequencies were weighted by race/ethnicity. 
bReference group for all analyses. 
cAdjusted for other stressors. 
adjusted PRe multivariable PRd multivariable PRe 
(95% CI) (95% CI) (95% CI) 
1.00 (reference) 1.00 (reference) 1.00 (reference) 
----- 2.37 (1.69-3.03) 2.27 (1.69-3.03) 
3.01 (2 .16-4.20) 2.83 (1.94-4.12) 2.79 (1.92-4.05) 
1.45 (0 .88-2.39) 1.27 (0.72-2.25) 1.31 (0.71-2.33) 
1.50 (1.04-2.17) 1.58 (1.04-2.39) 1.59 (1.06-2.39) 
1.36 (0 .93-1.99) 1.48 (0.99-2.21) 1.48 (0.99-2.21) 
---- 2.16 (1.60-2.91) 2.09 (1.54-2.82) 
---- 3.79 (2.63-5.48) 3.49 (2.41 -5.05) 
---- 6.03 (3.51-10.33) 4.80 (2.76-8.37) 
dAdjusted for other stressors, maternal age, education, family income, pregnancy intention, government paid care/ WIC use, 
smoking, marital status, lPV, prenatal care and calendar year. 
eAdjusted for other stressors, maternal age, education, family income, pregnancy intention, government paid care/ WIC use, 
smoking, marital status, IPV, prenatal care, calendar year, prior mental health visit and perinatal talk about depression. 
rSubjects may have stressors in more than one group; therefore% may total more than I 00. 
w 
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Table 2.8 Association between perinatal stressors and PDS prevalence among 2009-2010 MA-PRAMS mothers without prior 
mental health visit - Phase 6 
N(%t %with PDSa 
No Stressor6 913 (42.1%) 5.4 
Any Stressor 1,333 (57.8%) 12.7 
Any Stressor-argue excluded 1,230 (54.2%) 12.7 
Group of Stressorse 
Partner 610 (23 .8%) 17.8 
Partner-argue excluded 272 (10.7%) 21.9 
Trauma 326 (15.4%) 13.9 
Financial 726 (29.7%) 15.6 
Emotional 625 (30.2%) 11.6 
1-3 Stressors 1,106 (47.7%) 11.0 
4-6 Stressors 206 (9.6%) 20.0 
2: 7 Stressors 21 (0.7%) n/rr 
8Population-based frequencies were weighted by race/ethnicity. 
bReference group for all analyses. 
cAdjusted for other stressors. 
unadjusted PR adjusted PRe multivariable PRd 
(95% CI) (95% Cl) (95% CI) 
1.00 (reference) 1.00 (reference) 1.00 (reference) 
2.59 (1.92-3.50) ---- 2.21 (1.60-3 .05) 
2.12 (1.62-2.78) ---- 1.76 (1.32-2.36) 
3.65 (2 .67-4.99) 2.86 (1.92-4.28) 2.53 (1.63-3.91) 
3.29 (2.38-4.54) 2.44 (1.45- 4.13) 1.82 (1.02-3.25) 
3.14 (2.19-4.49) . 1.15 (0.60-2.22) 1.19 (0.58-2.43) 
2.97 (2.16-4.07) 1.74 (1.14-2.64) 1.72 (1.08-2.76) 
2.48 (1.78-3.47) 1.31 (0.84-2.05) 1.20 (0.82-2.07) 
2.21 (1.62-3 .02) ---- 2.04 (1.47-2 .85) 
4.17 (2.88-6.02) ---- 3.36 (2.19-5.15) 
6.96 (3.79-12.78) ---- 6.00 (2.90-12.42) 
d Adjusted for other stressors, maternal age, education, family income, pregnancy intention, government paid care/ WIC use, 
smoking, marital status and IPV. 
eSubjects may have stressors in more than one group; therefore% may total more than 100. 
rNot Repottable. Calculations based on fewer than 11 events are suppressed to maintain the privacy of data subjects per request from 
the Massachusetts Department of Public Health Privacy and Data Access Office. 
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Table 2.9 Association between perinatal stressors and PDS prevalence among 2009-2010 MA-PRAMS mothers with prior 
mental health visit - Phase 6 
N(%)" %with 
PDS" 
No Stressor6 95 (26.8%) 15.5 
Any Stressor 264 (73.2%) 27.1 
Any Stressor-argue excluded 249 (71.0%) 27.1 
Group of Stressorse 
Partner 148 (37.6%) 38.9 
Partner-argue excluded 71 (15.5%) 28.4 
Trauma 108 (28.2%) 35 .1 
Financial 153 (40.8%) 29.2 
Emotional 118 (36.7%) 27.6 
1-3 Stressors 188 (54.8%) 22.2 
4-6 Stressors 64 (15 .5%) 39.7 
~ 7 Stressors 12 (2.8%) n/rr 
"Population-based frequencies were weighted by race/ethnicity. 
bReference group for all analyses. 
cAdjusted for other stressors. 
unadjusted PR adjusted PRe multivariable PRd 
(95% CI) (95% CI) (95% CI) 
1.00 (reference) 1.00 (reference) 1.00 (reference) 
2.21 (1.32-3.70) ---- 2.55 (1.37-4.73) 
1.40 (0.94-2.09) ---- 1.40 (0.91-2.16) 
2.93 (1.75-4.92) 2.62 (1.44-4. 79) 2.58 (1.77-3.58) 
1.68 (1.05-2.68) 1.03 (0.47-2.23) 1.35 (0.51-3.57) 
2.76 (1.62-4.72) 1.59 (0.71-3 .56) 1.98 (0.81-4.84) 
2.08 (1.22-3.57) 0.85 (0.40-1.80) 1.01 (0.43-2.37) 
2.30 (1.33-3.97) 1.42 (0.68-2.97) 2.23 (1.00-4.96) 
1.77 (1.03-3 .04) ---- 2.23 (1.18-4.22) 
3.29 (1.90-5.67) ---- 4.02 (2.05-7 .89) 
3.39 (1.61-7 .14) ---- 3.75 (1.67-8.47) 
dAdjusted for other stressors, maternal age, education, family income, pregnancy intention, government paid care/ WIC use, smoking, 
marital status and IPV. 
eSubjects may have stressors in more than one group; therefore % may total more than 1 00. 
rNot Reportable. Calculations based on fewer than 11 events are suppressed to maintain the privacy of data subjects per request from the 
Massachusetts Department of Public Health Privacy and Data Access Office. 
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Table 2.10 Perinatal stressors and prevalence of Seeking Help for PDS among MA-PRAMS mothers with PDS, 2007-
2010 
of those with PDS, Of those with unadjusted PR multivariable PRb 
stressor, % with stressor (Nt % sou~ht helea (95% CI) (95% CI) 
No Stressorc 23.6 (203) 27 .2 1.00 (reference) 1.00 (reference) 
Any of 12 Stressors 75.4 (603) 41.4 1.67 (1.25-2.22) 2.25 (1.87-2.71) 
Any Stressor-argue 71.6(545) 41.4 1.44 (1.13-1.83) 1.32 (1.00-1.74) 
excluded 
Group of Stressorsd 
Partner 49.6 (409) 40.8 1.67 (1.25-2.25) 1.21 (0.96-1.51) 
Partner-argue 23.2 (197) 35 .5 1.43 (1.07-1.90) 1.20 (0.82-1.76) 
excluded 
Trauma 28.9 (216) 43.2 2.01 (1.48-2.73) 1 .3 9 ( 1.1 0-1 . 77) 
Financial 48.6 (371) 48.1 1.85 (1.37-2.48) - 1.53 (1.21-1.94) 
Emotional 33.8 (254) 45.9 1.95 (1.44-2.64) 1.40 (1.13-1. 74) 
1-3 Stressors 50.9 (407) 38.9 1.47 (1.09-1.99) 1.52 (1.09-2.10) 
4-6 Stressors 20.7 (155) 39.8 1.83 (1.31-2 .54) 1.79 (1.20-2.65) 
2: 7 Stressors 4.8 (41) 75.7 2.99 (2.10-4.26) 2.84 (1.86-4.36) 
3Population-based frequencies were weighted by race/ethnicity. 
b Adjusted for other grouped stressors, maternal age, education, family income, pregnancy intention, governinent paid care/ 
WIC use, smoking, marital status and IPV. 
cReference group for all analyses. 
dSubjects may have stressors in more than one group; therefore % may total more than 1 00. 
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3. INFERTILITY TREATMENT AND POSTPARTUM DEPRESSIVE 
SYMPTOMS 
3.1 ABSTRACT 
BACKGROUND: Infertility treatment (IFT) in mothers accounts for more than 6% of 
US births annually. While unsuccessful IFT can lead to or exacerbate depression, 
successful IFT increases the likelihood of multiple births, which is itself associated with 
maternal depression. There has been little study of the association between successful 
IFT and risk of postpartum depressive symptoms (PDS), after accounting for multiple 
births, or for subsequent help-seeking for PDS. 
METHODS: We used cross-sectional, population-based data from the Massachusetts 
Pregnancy Risk Assessment Monitoring System (MA-PRAMS) 2007-2010 to evaluate 
whether IFT was associated with PDS. We categorized IFTs into 3 groups: fertility-
enhancing drugs (FD), donor insemination or intrauterine insemination (DIIIDI), and 
assisted reproductive technology (ART) including in vitro fertilization. We defmed PDS 
as report of 'always' or 'often' to any depressive symptoms, compared with 'sometimes, ' 
rarely', or 'never' to all depressive symptoms. The median response time to MA-
PRAMS survey=3.2 months, interquartile range 2.9-4.0 months. Prevalence estimates 
were weighted by race/ ethnicity using SUDAAN. Modified Poisson regression models 
were used to directly estimate risk ratios (RRs) and 95% confidence intervals (Cis), 
controlling for socioeconomic status indicators, multiple birth, mode of delivery and prior 
mental health visits. 
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RESULTS: Among 3,600 participants, 11.4% reported 1FT (FD=5.9%, DIIIUI=2.5%, 
ART=4.8%). Relative to non-users of 1FT with singletons, multivariate RRs for PDS 
were 1.32 (95% CI: 0.97-1.80) for 1FT users with singletons, 2.61 (95% CI: 1.58-4.01) 
for non-users of 1FT with multiples and 1.06 (95% CI: 0.45-2.4 7) for 1FT users with 
multiples. We observed that 19.4% fewer mothers with multiple births who used 1FT had 
PDS than would have been expected based on the .additive effects of 1FT and multiple 
births alone, representing evidence of additive interaction between multiple birth and 1FT 
on the risk of PDS. Among mothers with Cesarean sections, 1FT users who delivered 
singletons had an increased risk ofPDS compared with non-users of 1FT who delivered 
singletons (RR=l.56, 95% CI: 1.03-2.38). 
CONCLUSIONS: In the present study, mothers of multiples who conceived without 1FT 
had a greater than two-fold increased risk ofPDS compared with all mothers and mothers 
with multiples who used 1FT. 
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3.2 INTRODUCTION 
Infertility affects 7-15.5% of women of reproductive age. 1-3 Infertility treatment 
(1FT) may include fertility-enhancing drugs, used by 60-80% of women treated for 
infertility and utilized in more than 4.6% of total US births,4 donor insemination or 
assisted reproductive technologies that manipulate both egg and sperm in the laboratory, 
used in more thanl% of total US births. 5 1FT that does not lead to successful 
reproduction can have profound effects on emotional and psychological well-being.6'7 In 
unsuccessful 1FT, a woman must contend with both the psychological distress associated 
with being unable to carry a pregnancy to term, 8' 9 the often fmancially straining costs 
associated with 1FT, and the biological effects of treatment. Studies investigating the 
psychological health in women who have successfully utilized 1FT are only recently 
emerging, with conflicting results. 10- 12 While a long-anticipated birth is cause for 
celebration and relief in some mothers who use 1FT, other mothers experience a greater 
sense of depression and anxiety about the infant after the much-sought birth. Only 
recently have studies begun to explore whether the biological effects of 1FT contribute to 
these adverse mental health outcomes.&, !3, 14 
Postpartum depressive symptoms (PDS) are characterized by feelings of sadness 
and hopelessness during the year after giving birth. 15 The prevalence of PDS in the 
United States ranges from 10-15% for mothers fulfilling criteria for major depressive 
disorder16' 17 to more than 80% for mothers with transient 'baby-blues. 18 Although there 
is a well-established association between maternal major depressive episodes and poor 
infant and child development, 15' 19' 20 more recent studies suggest that even less severe 
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levels of depressive symptoms can deleteriously affect the health of families. 
Consequences of untreated PDS include impaired mother-infant bonding, and delayed 
social and cognitive development in the children of affected women. 15' 21 "23 Despite there 
being effective treatments for PDS, between 50-80% of women with at least moderate 
PDS are not formally diagnosed and do not seek help from a health professional. 15' 24' 25 
Suspected risk factors for PDS include young maternal age, obstetric complications 
including Cesarean delivery, multiple births, fmancial difficulties and a history of major 
depressive episodes (Appendix 6.1.1 for DSM-IV-TR26 criteria),15' 27-35 although one 
large study found no association between Cesarean delivery and PDS.36 
IFT may involve a range of increasingly invasive technologies, from ovulation-
stimulating hormones to embryo implantation. Gonadotropin-releasing hormone agonists 
(GnRH-a), commonly used in IFT, may induce depressive symptoms, anxiety, and 
fatigue via hypogonadism; therefore, it is reasonable to consider GnRH-a as a possible 
mechanism by which IFT could cause PDS.37"40 Several studies of women who were 
treated for gynecological problems using GnRH-a have found an increase in depressive 
symptoms which remained even after ceasing GnRH-a, suggesting that it may be the 
change in levels of hormone, and not only the absolute values of hormone, which may 
make women vulnerable to depressive symptoms. 39-41 During IFT protocol, a 
hypogonadal state is induced in which estrogen and progesterone are suppressed. IFT 
then proceeds to ovarian stimulation, causing dramatic increase in the levels of gonadal 
hormones. Ovarian stimulation itself may involve two phases, an estrogenic phase to 
stimulate follicle development and a luteal phase in which progesterone levels are 
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elevated. Ovarian hormone suppression-to-surge protocol is repeated for each cycle of 
ovarian-stimulated IFT undertaken. In a recent study of women undergoing in vitro 
fertilization with embryo transfer, Bloch et al. found that GnRH-a was associated with an 
increase in depressive and anxiety symptoms between symptoms ascertained before the 
start of IFT protocol (baseline) and symptoms during the hypo gonadal phase induced by 
GnRH-a. They also noted an increase in mood symptoms between baseline and the luteal 
phase, but not between hypogonadal and luteal phases.41 However, these patients were 
studied for only one treatment cycle. 
Emerging research suggests that IFT may be associated with an increased risk of 
PDS, but results have been inconsistent. In a retrospective cohort study of745 Australian 
mothers, those who used assisted reproductive technology to conceive were four times as 
likely as those who conceived spontaneously to seek residential early parenting services 
during the first twelve months after parturition -where families obtain help and 
education in infant care and maternal psycho-social support.42 However, this study did 
not account for multiple births, mode of delivery or birth outcomes. 42 
In contrast, other studies which accounted for multiple births, mode of delivery 
and birth outcomes found no significant differences between conception groups on any 
measure of psychological status during pregnancy or postpartum, although these 'studies 
did not stratify on plurality.43' 44 Possible reasons for inconsistent fmdings across studies 
are differences in how multiple births, mode of delivery and birth outcomes such as 
infant birthweight, gestational age and stays in the neonatal intensive care unit (NICU) 
were treated in analysis. 
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Because multiple births and Cesarean delivery are risk factors for PDS and these 
outcomes are more common among IFT users, this might explain, in part or in whole, the 
elevated risk of PDS associated with IFT. 11 ' 12' 34' 45 For some mothers, Cesarean delivery 
represents a 'failure' of early motherhood, which may increase the risk ofPDS.46 
Cesarean delivery may also increase the emotional and physical stress on the postpartum 
mother, especially if she has to care for other children, because her physical activities are 
limited for four to six weeks. She may feel unable to care for her newborn, thus further 
diminishing her perception of her ability to be a competent mother. This is independent 
of the mother having multiple gestation. Mothers who used IFT are likely already more 
comfortable with a 'medicalized' birth, compared to mothers who did not use IFT. 
Depending on the reason for IFT, mothers who use IFT may already have been more 
educated about the need for a Cesarean delivery, or have had a planned Cesarean 
delivery, compared to mothers who did not use IFT. 
The present study assesses the association between IFT and risk of PDS-while 
accounting for multiple births and mode of delivery-in a representative sample of 
mothers who delivered infants during 2007-2010 in Massachusetts. We also examine the 
association between IFT and seeking mental health care among mothers who met study 
criteria for PDS. 
3.3METHODS 
3.3.1 Participants and Procedures: 
Study subjects were mothers with a recent birth who participated in the 
Massachusetts Pregnancy Risk Assessment Monitoring System (MA-PRAMS) during 
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2007-2010. PRAMS is a multi-state, population-based surveillance system funded by the 
Centers for Disease Control and Prevention (CDC) in collaboration with state health 
departments. The project collects data on maternal experiences that occur before and 
throughout pregnancy as well as in early infancy. PRAMS methodology and protocol 
have been published elsewhere.47 MA-PRAMS includes questions on maternal 
characteristics, pregnancy intention and use of infertility treatments, as well as questions 
on birth outcomes, maternal mood and health after birth. PRAMS participants are 
randomly selected between 2 and 6 months postpartum from state birth certificate 
information. The majority of mothers completed the PRAMS survey 3-4 months 
postpartum (median 3.2 months, interquartile range 2.9-4.0 months) and represent 
approximately 3.0% of all MA women delivering a live birth during the study period. To 
ensure adequate representation of racial/ethnic minority groups, MA-PRAMS 
oversamples women by race and ethnicity. The survey is administered in both English 
and Spanish. Mothers of twins and triplets have one infant randomly selected by the 
state' s Department of Public Health to be the index infant. Mothers whose pregnancy 
ended in stillbirth or multiple-births resulting in greater than triplets are excluded from 
PRAMS. MA-PRAMS has a 65-70% weighted yearly response rate. The study was 
approved by the Institutional Review Board of the Massachusetts Department of Public 
Health. 
3.3.2 Assessment of Exposures: 
PRAMS asked mothers: 
"Did you receive treatment from a doctor, nurse, or other health care worker 
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to help you get pregnant with your new baby? (This may include infertility 
treatments such as fertility-enhancing drugs or assisted reproductive 
technology) No/Yes" 
"If Yes: Did you use any of the following treatments during the month you got 
pregnant with your new baby?" 
1.) "Fertility-enhancing drugs prescribed by a doctor (fertility drugs 
include Clomid, Serophene, Pergonal, or other drugs that stimulate 
ovulation". 
2.) "Artificial insemination or intrauterine insemination (treatments in· 
which sperm, but NOT eggs, were collected and medically placed into 
a woman's body)". 
3.) "Assisted reproductive technology (treatments in which BOTH a 
woman's eggs and a man's sperm were handled in the laboratory, such 
as in vitro fertilization [IVF], gamete intrafallopian transfer [GIFT], 
zygote intrafallopian transfer [ZIFT], intracytoplasmic sperm injection 
[ICSI], frozen embryo transfer, or donor embryo transfer)". 
4.) "Other medical treatment (please tell us)". 
We dichotomized 1FT (Yes/No) and also classified 1FT into three categories: 
fertility-enhancing drugs (FD), donor insemination or intrauterine insemination (DI), and 
assisted reproduction technology (ART). Women could contribute to more than one 
category. 
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3.3.3 Assessment of Outcomes: 
PRAMS asks mothers questions regarding mood using a Likert-like scale and are 
similar to the questions asked on the Patient Health Questionnaire-2 (PHQ-2) depression 
model,48 an effective screening tool for depressive symptoms (Appendix 6.1.2).49' 50 
PRAMS questions were modified and piloted by the CDC. PRAMS Phase 5 (2007 -2008) 
asked: 
1) Since your new baby was born, how often have you felt down, depressed 
or hopeless, and 2) Since your new baby was born how often have you had 
little interest or little pleasure in doing things? Response options were: 
Always, Often, Sometimes, Rarely, Never. 
PRAMS Phase 6 (2009-20 1 0) asked: 
Below is a list of feelings and experiences that women sometimes have 
after childbirth. Read each item to determine how well it describes your 
feelings and experiences. Then write on the line the number of the choice 
that best describes how often you have felt or experienced things this way 
since your new baby was born: A) I felt down, depressed or sad. B) I felt 
hopeless. C) I felt slowed down. 
Response options were on a Likert scale with Never =1 , Rarely =2, 
Sometimes=3, Often =4, Always =5, for A, B, and C each. 
Our defmition of PDS was informed by component questions used to identify 
depression in the DSM-IV-TR,26 on the PHQ-248 and by the CDC. 51 For Phase 5 
participants, we defined mothers as having PDS if they reported "Always" or "Often" to 
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either question on depressive symptoms in Phase 5. As recommended by the CDC, for 
Phase 6 participants we summed the scores of depression symptom responses and defined 
mothers as having PDS if they had summed depressive symptom scores 2:10.5 1 To have 
greater comparability with Phase 5 participants, we also defined mothers as having PDS 
if they reported "Always" or "Often" to either part A orB to Phase 6 questions. We 
defined mothers who reported "Sometimes/ Rarely/Never" to all questions as our 
reference group. This method yields 63% sensitivity and 83% specificity for depression 
in Phase 5, and 56.8% sensitivity and 86.6% specificity in Phase 6, compared to the 
PHQ-2.51 
PRAMS also asks about postpartum help-seeking behavior specifically for depression: 
Since your new baby was born, have you asked for help for depression 
from a doctor, nurse or other health care provider? "Yes/No". 
3.3.4 Assessment ofCovariates: 
PRAMS collects information on a wide range of variables associated with 
both IFT and PDS in the literature (i.e., potential confounders), including: maternal age, 
pre-pregnancy body mass index (BMI), plurality, mode of delivery, gestational age, 
congenital malformations, birth weight, NICU stays, race/ethnicity, government-paid 
health care (during pregnancy, delivery and postnatally) and WIC nutritional service use, 
marital status, education, parity, yearly family income, cigarette use in pregnancy, infant 
sex, mode of delivery, length of hospital stay and mother ' s pre-pregnancy mental health 
visits (available forMA-PRAMS Phase 6, 2009-201 0). For variables not available on 
MA-PRAMS, we obtained data from linked birth certificate records 
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3.3.5 Exclusions: 
Of the 5,899 mothers who completed MA-PRAMS in 2007,2008, 2009 or 2010, 
we excluded mothers with missing or implausible data on the PDS variables (n=256), or 
mothers whose infant had died shortly after birth before the opportunity for completion of 
PRAMS (n=40). We also excluded mothers who indicated that they wanted to be 
pregnant later (n=1 ,649) or did not want to be pregnant then or at any time in the future 
(n=448), because mothers with ill-timed or unintentional pregnancies may have a 
different risk of PDS than women who are planning a pregnancy. Mothers excluded from 
the analysis because of missing data, infant death, or different pregnancy intentions were 
more likely to have lower education, lower family income, higher parity, and be of Black, 
non-Hispanic or Hispanic race/ethnicity than mothers who were included in our analysis 
(Appendix 6.2.1 ). After these exclusions 3,600 mothers remained for analysis. 
3.3. 6 Data Analysis: 
We used SUDAAN to account for the complex survey design of PRAMS and to 
obtain frequencies weighted by race/ethnicity. We used a modified Poisson regression 
model with a robust error variance to directly estimate risk ratios (RR) and 95% 
confidence intervals (CI) for the association between 1FT and PDS.52 Potential 
confounders that changed the effect estimate by greater than 10% were retained in the 
fmal models. 53• 54 Possible causal intermediates, based on an assessment of a directed 
acyclic graph, were excluded. 55• 56 
Based on these criteria, we controlled for maternal age (categories based on 
frequency distributions: <25, 25-29, 30-34, ~ 35 years), education(< high school 
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diploma, high school diploma, some college, and completed college), family income 
(<$15k, $15k-24.9k, $25k-49.9k, and 2:$50k), government paid pregnancy-related care/ 
WIC services, multiple births (singleton, multiples), mode of delivery (vaginaVCesarean) 
and prior mental health visit (in Phase 6-mother reported pre-pregnancy visit for anxiety 
or depression (Yes/No). Pre-pregnancy BMI, which is independently associated with 
both infertility and PDS, did not change our estimates and so we did not include this 
covariate in our models. We also considered calendar year of PRAMS, as IFT prevalence 
increased yearly from 2007-2010, as well as PDS awareness due to a state public health 
campaign of depression awareness. Among mothers with PDS, we then examined the 
association between IFT (any use; type of treatment) and seeking help, defmed as "since 
your new baby was born, have you asked for help for depression from a doctor, nurse or 
other healthcare worker? Yes/No" with "no reported IFT" as the reference category. We 
also validated PRAMS self-report of IFT using Massachusetts Birth Certificate data. 
Regression analyses utilized SAS version 9.3 (SAS Institute, Inc. NC). 
3.4 RESULTS 
Selected baseline characteristics of mothers and their infants are presented in 
Table 3.1. Mothers who reported IFT use were more likely to be older, married, White 
non-Hispanic, have higher education and family income, have diabetes, or be obese (BMI 
2: 30) and less likely to smoke than mothers who reported no IFT. The infants of mothers 
who reported any use of IFT were more likely to be born with gestational age <3 7 weeks 
(13.5% versus 5.4%), have low birth weight (14.1% versus 5.5%) and require a NICU 
stay (14.7% versus 10.9%) when compared with infants of non-users ofiFT. Multiple 
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births occurred in 14.2% mothers who reported IFT and in 1.1% of mothers who reported 
no IFT. Among multiple births, the infants of mothers who reported use of IFT were less 
likely to be pretenn (55.0% versus 61.3%), have low birth weight (50.5% versus 79.6%), 
and require a NICU stay (38.5% versus 56.1 %), when compared with non-users of IFT. 
In a validation study, we compared the mother' s report ofiFT in PRAMS to birth 
certificate data on maternal IFT use. While PRAMS asks separate questions regarding 
DI/IUI and ART, these categories were combined on the MA birth certificate. Of the 
3,600 mothers in our analysis, 31 had missing data on their infant ' s birth certificate. 
Sensitivity was defined as the proportion of mothers who self-reported IFT on PRAMS 
among mothers whose infant birth certificate indicated IFT. Specificity was defined as 
the proportion of mothers who self-reported no IFT on PRAMS among mothers whose 
infant birth certificate indicated no IFT. Among mothers included in our analysis, for 
combined DI/IDI/ ART use, PRAMS had an overall 86.3% sensitivity and 96.1% 
specificity (Table 3.2). For overall fertility drug (FD) use, PRAMS reporting had 46.7% 
sensitivity and 95.1% specificity. Sensitivity and specificity also varied widely by 
plurality and mother' s age. Sensitivity ofFD ranged from 25.0% for mothers aged ~35 
years who gave birth to a singleton, to 100.0% for mothers age 25-29 who gave birth to a 
singleton(< 11 cases). Specificity ofDI/IDI/ART also varied widely, from 40.0% for 
mothers age 35 years or older who gave birth to multiple infants to 100.0% for mothers 
age <25 years who gave birth to multiple infants, although in some strata, we had few or 
no mothers. Among mothers younger than 35 years old, specificity ofDI/IDIIART was 
consistently >92.0%. 
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Weighted distributions ofiFT categories are presented in Table 3.3. Frequencies 
were 2.5% for DI!illl, 4.8% for ART, and 5.9% for FD, with a combined prevalence of 
IFT use of 11.4%. Overall, 441 mothers (9.5%) reported PDS. Of mothers with PDS, 
13.7% reported any IFT (data not shown). Prevalence estimates for all categories of IFT 
were slightly higher among the 2009-2010 PRAMS respondents than among the 2007-
2008 respondents. Frequency ofPDS was consistent across phases ofPRAMS. Fewer 
than 40.0% of mothers overall with PDS reported seeking help for PDS, with more 
mothers in 2009-2010 seeking help, compared to mothers in 2007-2008. However, 
greater than 60% of mothers overall who reported seeking help for depression from a 
health care provider did not report PDS. 
The prevalence of PDS among non-users of IFT who delivered singletons was 
9.1% compared with 12.3% for IFT-users who delivered singletons (Table 3.4). Among 
multiple births, three times as many non-users of IFT reported PDS, compared to IFT 
users. Compared with non-users of IFT who delivered singletons, age-adjusted RRs for 
PDS were 1.32 (95% CI: 0.97-1.80) for IFT users with singletons, 2.61 (95% CI: 1.58-
4.01) for non-users ofiFT with multiples and 1.06 (95% CI: 0.45-2.47) for IFT users 
with multiples. Applying the relative excess risk for interaction formula to our data, we 
observed that 19.4% fewer mothers with multiple births and IFThad PDS than would 
have been expected based on the additive effects of IFT and multiple births alone, 
representing substantial departure from additivity for the interaction between IFT and 
multiple births. Among mothers of singletons, after adjusting for matemal age and use of 
other infertility treatments, FD, DI!illl and ART use each showed positive associations 
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with PDS risk compared with non-use of 1FT, although the 95% Cis included the null. 
Mothers of multiple births who used FD, DJJIUI and ART showed no appreciable 
association with PDS. Among mothers with singleton births, we found a modest positive 
association with 1FT, and for categories ofFD and DJJIUI with PDS risk, but the 
confidence intervals were wide (Appendix 6.2.2). Among mothers of multiples, we 
observed an inverse association with any 1FT, FD DJJIUI and ART and PDS risk, but 
again the confidence intervals were wide. 
Stratification by mode of delivery showed differing effects (Table 3.5). Among 
2,373 mothers who had a vaginal delivery, mothers of multiples who used any 1FT 
showed a decrease in the risk of PDS, compared with both non-users of 1FT who 
delivered singletons and non-users of 1FT who delivered multiples, although the 
confidence intervals were wide. Among 1,210 mothers who had a Cesarean delivery, 
mothers who used 1FT and delivered singletons showed an increased risk ofPDS when 
compared with non-users of 1FT who delivered singletons (RR=l.56, 95% CI: 1.03-2.38). 
Mothers of multiples who did not use 1FT showed an increase risk of PDS, compared 
with non-users of 1FT who delivered singletons (RR =2.58, 95% CI: 1.54-4.31 ). 1FT 
users who delivered multiples and had a Cesarean delivery also showed an increased risk 
of PDS, but these values were imprecise. In a sensitivity analysis, we compared mothers 
who responded 'always/often' to mothers who responded 'rarely/ never' for their 
depressive symptoms. The prevalence of women within each 1FT category increased, as 
fewer of the women who responded ' sometimes ' to depressive symptoms reported the 
exposure. Furthermore, the proportion of women within each 1FT category who reported 
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PDS also increased. The RRs and their 95% Cis did not substantially change, compared 
to the results with the definition ofPDS that include.s 'sometimes/ rarely/ never' in the 
comparison group (Table 3.6 and Table 3.7). Because 83% ofthe women receiving 1FT 
reported the highest category of family income (2:$50,000), we also conducted a 
sensitivity analysis in which we restricted our analysis to mothers who reported the 
highest family income category. Our results did not change appreciably when compared 
to the full dataset (Table 3.8 and 3.9) 
Mothers with a history of mental health conditions are at a greater risk ofPDS. 18' 
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57 If a mother's mood is related to changes in gonadal levels that also affect her 
fertility, then a history of mood disorder meets our criteria for a potential confounding 
variable. However, data collection on prior mental health visits first began in 2009 in 
MA-PRAMS. 1,760 mothers were included in our analysis of PRAMS Phase 6 2009-
2010. When we adjusted for mother's prior mental health visits, the RR among 1FT users 
who delivered singletons was 1.43 (95% CI: 0.89-2.31 ), the RR among non-users of 1FT 
who delivered multiples was 3.86 (95% CI: 1.83-8.12) and the RR among 1FT users who 
delivered multiples was 1.50 (95% CI: 0.47-4.84), all compared with non-users ofiFT 
who delivered singletons (Table 3.10). Among mothers who reported no prior mental 
health visit, the RRs were 1.84 (95% CI: 1.09-3.09) among 1FT users who delivered 
singletons, 6.16 (95% CI: 3 .41-11 .12) among non-users of 1FT who delivered multiples, 
2.29 (95% CI: 0.75-7.00) among 1FT users who delivered multiples, compared with non-
users of 1FT who delivered singletons. When we examined the association between 
categories of 1FT and PDS, our results were similar, with mothers who reported no prior 
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mental health visit who used any IFT, FD, or DIITIJI all showing a significant positive 
association with PDS risk (Appendix 6.2.3). 
Of the 441 mothers who reported PDS, 38.6% overall reported seeking help for 
PDS from a health care provider. Of the mothers who reported seeking help for 
depressive symptoms, only 39.5% also reported PDS. Only 16 mothers of multiples 
reported PDS, so estimates for mothers of multiples are imprecise. We found no 
evidence of an association between IFT and seeking help for PDS (Table 3.11 ). Among 
mothers who reported PDS, 91.5% had a postpartum checkup, regardless of their seeking 
mental health help for PDS (data not shown). 
3.5 DISCUSSION 
In this population-based study of Massachusetts mothers who gave birth during 
2007-2010, we found little evidence for an association between IFT and PDS risk overall. 
Although multiple births are more frequent with IFT use and are considered an 
independent risk factor for PDS, we found a strong inverse association between IFT and 
PDS among mothers who delivered multiples. In contrast, the greatest risk of PDS was 
found among mothers who did not use IFT and delivered twins; these women had a 
greater than 2-fold increased risk ofPDS when compared with all mothers or mothers 
who did not use IFT and who delivered singletons. This finding was persistent across 
mode of delivery. Among mothers who delivered singletons, we found a positive trend 
of association between any IFT and PDS, and between FD, DIITIJI and ART and PDS. 
Among mothers with PDS, we found little evidence of an association between IFT and 
seeking help for depression, regardless of plurality. 
64 
We were able to control for a wide range of potential confounders, and examine 
the differences in association by multiple births. Since 2007, Massachusetts has required 
basic health insurance for all Commonwealth residents. While mental health care 
coverage is mandated for all mothers, only private insurance companies are required to 
cover IFT and the extent to which IFT is covered varies with each insurance plan. 58 
Mothers who do not have or cannot afford private health insurance are eligible for 
medical insurance through MassHealth/Commonwealth Care, which covers mental health 
care, but these publicly-funded healthcare options do not cover IFT expenses. Among 
IFT users, 19% reported receiving government-paid medical care during 
pregnancy/delivery or used WIC nutritional services, compared to 37% ofiFT non-users. 
Our observed relative risks for IFT on PDS were not appreciably changed by controlling 
for govemment-paid pregnancy-related healthcare/ WIC services, suggesting that this 
covariate was not a confounder in our study. 
By using a population-sampled survey, weighted by race and ethnicity, our study 
was designed to be representative of all mothers with a recent hospital birth living in 
Massachusetts. MA-PRAMS has a 65-70% weighted response rate. In both MA-
PRAMS 2007/2008 and 2009 Surveillance Reports, 59• 60 mothers who responded to 
PRAMS questionnaires were comparable with the state birth population in matemal 
characteristics ofrace/ethnicity, age, language and marital status. However, in 2009, 
73.1% ofMA-PRAMS mothers were US-bom, and 49.0% had no previous live births 
compared with 69.9% and 54.2% respectively, of the MAbirth population. As we had no 
exposure or outcome data for non-respondents, we could not directly evaluate the extent 
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to which selection bias influenced our results. Nonetheless, if participation was lower 
among IFT users and mothers who developed PDS, then our observed RR might be 
underestimated. 
Because the majority of PRAMS surveys were completed within four months 
post-partum, some mothers who indicated that they did not experience PDS at the time of 
PRAMS may have subsequently developed or recognized these symptoms after the next 
several months. 16 However, studies indicate that the majority of mothers who develop 
PDS develop symptoms by three months postpartum. 16' 61 ' 62 This would have again led to 
under-ascertainment of cases and potentially a conservative RR if misclassification was 
influenced by exposure or if the specificity of outcome classification was less than 100%. 
IfPDS case ascertainment was not influenced by IFT use (i.e., non-differential and 
independent), then misclassification would likely bias our results toward the null, 
suggesting an even stronger RR than what we observed. We chose a definition ofPDS 
that included debilitating symptoms, but did not require a clinical diagnosis. The nature 
of the PRAMS questions related to depression is very similar to those questions asked in 
a clinical setting (gold standard), which also relies on self-report from the patient. 
Among the mothers in our data who reported seeking help for depression (n=317), 60.5% 
did not meet our criteria for PDS -- and yet depressive symptoms still caused sufficient 
impairment to these mothers such that they sought help. Traditional criteria for assessing 
depression may be underestimating the impact that even partial symptoms have on a 
mother's daily functioning. Limitations to our study include a lack of data on the specific 
reasons for IFT, number of cycles of IFT undertaken, IFT use for prior births or of 
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unsuccessful pregnancies. It is possible that repeated cycles of IFT -related induced 
hypogonadal states may still have a positive association with PDS as several studies of 
women who were treated for gynecological problems using GnRH~a have found an 
increase in depressive symptoms that persisted even after cessation of GnRH -a. 39-41 
The same self-administered survey instrument in PRAMS was used to ascertain 
both exposure and outcome data, thus increasing the possibility of dependent 
misclassification,63 e.g., if some women were more likelyto over-report both PDS and 
IFT. The lower sensitivity ofiFT reporting on PRAMS suggest that either mothers are 
over reporting IFT on PRAMS, possibly attributing a conception to IFT that was actually 
due to an earlier IFT cycle and not the cycle that lead to the present birth, or that IFT is 
underreported on the birth certificates. Several studies have found that birth certificate 
information regarding IFT may be incomplete or inaccurate and suggest that self-report 
may be more accurate for assessing IFT utilization. 64-67 As mothers who use IFT may 
have initially sought the help of reproductive endocrinologists, the delivering physician 
might not have noted IFT in the hospital delivery records, and thus IFT would not be 
recorded on the birth certificate, leading to an apparent over reporting of IFT use in 
PRAMS. Variations across maternal age and plurality in positive predictive value (PPV), 
sensitivity and specificity of PRAMS when compared to birth certificate data suggest that 
hospital records may be erroneously attributing IFT to older mothers, and to mothers who 
deliver multiple infants. Our observations are consistent with earlier findings of under-
. fiFT b. h .fi 65 66 68-71 66 reportmg o on 1rt cert1 1cates. · ' 
Mothers who undertake IFT may have a greater sense of pregnancy-related 
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anxiety compared with spontaneously-conceiving mothers, as addressed in a systematic 
review of the emerging literature on psychological aspects of early parenting after 1FT by 
Hammarberg et al. 11 Although this review focuses primarily on maternal anxiety about 
pregnancy, self-esteem, and parenting stress, an included study by Klock and Greenfeld44 
found comparable levels of prenatal depressive symptoms between mothers who used 
1FT and those who conceived spontaneously. It is possible that mothers who underwent 
1FT had a more difficult time recognizing the symptoms of depression because of 
unrealistic and idolized expectations of parenting once the much-sought-after baby is 
born. However, 1FT mothers of multiples might be more emotionally prepared for the 
burdens that accompany the birth of multiple infants because these mothers would have 
been educated to the physical and social complexities of bearing and raising twins or 
triplets during their 1FT treatment. Klock et al. present several descriptive studies that 
found that mothers undergoing 1FT were more receptive to multiple births than non-users 
ofiFT.45 The birth of multiples to the couple using 1FT may also provide a sense of relief 
in the completion of family size, if the couple desired to bear more than one child. Even 
with private health insurance, 1FT can pose significant financial burdens. Successful 
birth of twins for the mother that wants more than one child removes the fmancial, as 
well as physical and psychological, burdens of additional 1FT. Our observed trend of a 
positive association among mothers of singletons warrants further investigation. The 
overall prevalence of 1FT use was 11.4% in MA-PRAMS and 1FT use has been steadily 
increasing in Massachusetts and the United States.72' 73 The prevalence ofPDS in MA-
PRAMS (9.5%) is consistent with nationally reported prevalence estimates, 15• 74 
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suggesting that our fmdings might extend to other populations with similar access to 
comprehensive health care. 
In summary, in mothers of multiples, the report of IFT use was inversely 
associated with risk ofPDS in our study. Although part of this inverse association was 
attributable to the low risk of PDS among IFT users who delivered multiples, part of it 
was also attributable to the substantially higher risk ofPDS among non-IFT users who 
delivered multiples, a group at increased risk for PDS.75' 76 Our overall findings are 
reassuring to the increasing number of mothers who utilize IFT. 
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Table 3.1 Characteristics of mothers and their infants in MA-PRAMS, 2007-2010 
Maternal Characteristics (N=3,600)a Any IFTb No 1FT PDSC NoPDS (n=372) (n=3,228) (n=441) (n=3,159) 
Maternal Age (years), 33.9 30.4 28.9 30.9 
mean (SE) (0.37) (0.12) (0.42) (0.12) 
Maternal Age (years),% 
<25 3.6 10.3 12.6 9.2 
25-29 15.7 . 30.9 30.9 29.0 
30-34 33.7 36.5 37.4 36.0 
~ 35 47.0 22.3 19.1 25.8 
Maternal Education(%) 
<High school diploma 2.8 6.9 10.3 6.0 
_ High school diploma 12.3 22.8 28.8 20.8 
Some college 12.8 17.3 15.2 16.9 
Completed college 72.1 53.0 45.7 56.2 
Family Income (%) 
< $15,000 4.8 15.3 29.4 12.5 
$15,000-$24,999 2.3 7.6 7.5 7.0 
$25,000-$49,999 10.3 14.9 12.2 14.6 
~ $50,000 82.6 62.2 50.8 66.0 
Maternal race (%) 
White non-Hispanic 79.4 72.3 58.1 74.6 
Black non-Hispanic 4.3 6.5 9.5 5.9 
Hispanic 6.9 11.7 16.7 10.6 
Asian and Other, non-Hispanic 9.4 9.5 14.3 7.9 
Married(%), no 1.6 15.4 2.2 14.8 
Smoking in pregnancy(%) n/rc 5.4 4.6 4.8 
Gov't pd. Pregnancy care/ WICd (%) 19.0 37.0 49.4 66.7 
Family income< federal poverty line(%) 4.0 15.8 27.6 13.1 
Diabetes (%) 15.0 8.6 8.4 9.4 
Parity(%) 
I st born 58.0 47.7 50.3 48.7 
2nd 34.6 35.8 29.5 36.3 
3'd or higher 7.4 16.5 20.2 15.0 
Pre-pregnancy BMI (%) 
Underweight(< 18.5) 2.3 3.8 4.2 3.6 
Normal (18.5-24.9) 56.0 58.3 54.7 58.4 
Overweight (25 .0-29.9) 22.9 22.1 21.0 22.3 
Obese(~ 30.0) 18.8 15.8 20.1 15.8 
Mother not U.S. born(%) 19.5 28.2 30.2 27.0 
No prenatal care in first trimestere (%) 4.5 7.4 11.0 6.6 
Cesarean delivery(%) 46.5 32.0 42.7 32.7 
Intimate Partner Violence(%) n/rc 0.8 2.5 0.6 
Depression/anxiety visit before pregnane/(%) 15.2 12.5 29.9 11.0 
HCW talked during prenatal care about 74.2 77.8 78.7 77.2 depression during/after pregnane/(%) 
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Infant characteristics 
Plurality 
Single 
Multiple 
Infant had birth defect (%) 
Gestational age < 37 weeks(%) 
Low birth weight < 2500g (%) 
NICU stay(%) 
Infant length of stay > 6 days (%) 
Singleton Births (n=3 ,512) 
Cesarean delivery(%) 
Infant had birth defect (%) 
Gestational age < 3 7 weeks (%) 
Low birth weight < 2500g (%) 
NICU stay(%) 
Infant length of stay > 6 days(%) 
Multiple Births (n=88) 
85 .8 
14.2 
2.8 
13 .7 
14.1 
14.7 
16.0 
43.5 
2.4 
6.6 
7.8 
10.6 
11.7 
Cesarean delivery(%) 64.6 
Infant had birth defect (%) n/rc 
Gestational age < 37 weeks(%) 55.0 
Low bit1h weight < 2500g (%) 50.5 
NICU stay(%) 38.5 
Infant length of stay > 6 days (%) 40.4 
3Population-based frequencies were weighted by race/ethnicity. 
98.9 
1.1 
5.4 
5.4 
5.5 
10.9 
6.4 
31.4 
5.4 
4.8 
4.6 
10.4 
5.9 
88.7 
n/rc 
61.3 
79.6 
56.1 
49.3 
96.6 
3.4 
8.0 
7.9 
10.7 
15 .5 
11.5 
40 .8 
8.2 
6.2 
8.4 
14.4 
9 .6 
94.3 
97.5 
2.5 
4.8 
6.0 
6.0 
0.9 
7.1 
31.7 
4.8 
4.8 
4.6 
10.0 
6.2 
70.9 
n/rc 
59.0 
59.4 
44.1 
40.8 
blnfertility Treatment (1FT) is any help from doctor or nurse to become pregnant, including one 
or more of categories given and/or surgical intervention--ovulation drugs, donor/ artificial 
insemination or intrauterine insemination, ART including in vitro fertilization (IVF), gamete 
intrafallopian transfer (GIFT), zygote intrafallopian transfer (ZIFT), intracytoplasmic sperm 
injection (ICSI), frozen embryo transfer (FET), and donor embryo transfer (DET). 
"Not Reportable. Calculations ba_sed on fewer than 11 events are suppressed to maintain the 
privacy of data subjects per request from the Massachusetts Department of Public Health 
Privacy and Data Access Office. 
dlncludes Medicaid, Commonwealth Care, Free-Care or WIC use in prenatal care /delivery. 
e26 mothers reported no prenatal care until after 12 weeks of pregnancy, aside from their 1FT. 
fin MA-PRAMS 2009-10, N=1,760: n=190 any 1FT exposure; 1,570=no 1FT; n=180 PDS; 
n=1 ,580 no PDS. 
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Table 3.2 Sensitivity and Specificity of MA-PRAMS 1FT questions compared with birth 
certificate data 
GROUP Sens% Spec% True True False False Accuracy% Positive Ne~ative Positive Negative (Trues/Total) 
All Births 
lUI and ART 
age <25 100.0 < 11 a 410 <11 a <11 a 100.0 
age 25-29 87.5 98.4 < ll a 1024 17 <11 a 98.2 
age 30-34 88.9 95.5 24 1167 55 < II a 95.4 
age 35+ 84.2 92.1 32 748 64 <11 a 91.8 
All Ages 86.3 96.1 63 3349 136 <11 a 95.9 
FD 
age <25 100.0 <11 a 407 <11 a < 11 a 100.0 
age 25-29 100.0 96.9 <11 a 1014 32 < lla 97.2 
age 30-34 50.0 94.9 <11 a 1182 63 <11 a 94.8 
age 35+ 25.0 91.1 <11 a 767 75 <11 a 90.5 
All A~es 46.7 95 .1 <11 a 3370 173 <11 a 94.9 
Singleton Births 
lUI and ART 
age <25 100.0 <11 a 405 <11 a <11 a 100.0 
age 25-29 83.3 98.4 <11 a 1012 16 <11 a 98.4 
age 30-34 90 .0 96.5 18 1152 42 <11 3 96.4 
age 35+ 80.8 93.4 21 740 52 < ]1 a 93.0 
All Ages 84.6 96.8 44 3309 110 < II a 96.6 
FD 
age <25 100.0 < 11 a 402 <ll a <11 a 100.0 
age 25-29 100.0 97.0 <11 a 1001 31 < 11 a 97.0 
age 30-34 50.0 95.8 <1la 1161 51 < II a 95.7 
age 35+ 28.6 92.1 <11 a 747 64 <11 a 91.6 
All A~es 45.5 95.7 <11 a 3311 149 < ll a 95.5 
Multiple Births 
IUiandART 
age <25 100.0 <11 a <11 a <11 a < 11 a 100.0 
age 25-29 100.0 92.3 <11a <11 a <11 a <11 a 93.3 
age 30-34 85.7 53.6 <11a 15 13 < 11 a 60.0 
age 35+ 91.7 40.0 11 8 16 < 11 a 59.4 
All Ages 90.5 60.6 19 40 26 < 11 a 67.8 
FD 
age <25 100.0 <11 a <11 a <11 a < 11 a 100.0 
age 25-29 100.0 92.9 <11 a 13 <11 a < 11 a 93.3 
age 30-34 50.0 63.6 <11 a 21 12 < 11 a 62.9 
age 35+ 0.0 64.5 < II a 20 11 < 11 a 62.5 
All A~es 50.0 71.1 <11 a 59 24 <11 a 70 .1 
aNotReportable. Calculations based on fewer than 11 events are suppressed to maintain the 
privacy of data subjects per request from the Massachusetts Department of Public Health Privacy 
and Data Access Office. 
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Table 3.3 Weighted Frequencies ofiFT PDS and Help-Seeking by MA-PRAMS Phase 
all 2007-08 2009-10 
Mothersab Phase sac Phase 6a,d 
Any 1FT (1FT) (%) 11.4 10.7 12.2 
FD (FD: includes Clomid, Serophene, 
Pergonal or other dmgs that stimulate 5.9 5.2 6.6 
ovulation)(%) 
DI/nJI (DI/nJI: sperm, not eggs, collected 2.5 2.3 2.8 
and medically placed in utems) (%) 
ART (ART: both sperm and eggs handled in 
laboratory; includes IVF, GIFT, ZIFT, 4.8 4.1 5.4 
ICSI, FET, DET) (%) 
PDS (%) 9.5e 9.5f 9.6g 
Sought help among those with PDS (%) 38.6h 33.i 44.4j 
Of those who sought help, reported PDS (%) 39.5 36.3 42.4 
3 Population-based frequencies were weighted by race/ethnicity. 
bUnweighted n=3,600, cunweighted n=1,840, ~nweighted n=1,760. 
eunweighted n=441, \mweighted n=261, ~nweighted n=180. 
hUnweighted n=128, iunweighted n=56, .iunweighted n=72. 
73 
Table 3.4 1FT and the risk ofPDS among 2007-2010 MA-PRAMS mothers, by 1FT category and plurality 
% of Mothers3 
% within 1FT category unadjusted RR multivariable RR 
who reported PDS3 (95% Cl) (95% Cl) 
Among all mothers (N=3,600) 
No 1FT (n=3,217) 88.6 9.3 1.00 (reference) 1.00 (reference )b 
Any IFT (n=3 72) 11.4 11.4 1.11 (0.84-1.46) 1.26 (0.94-1. 70)b 
Singleton births, No IFT (n=3, 193) 87.6 9.1 1.00 (reference) 1.00 (reference)b 
Singleton births, Any 1FT (n=319) 9.7 12.3 1.16 (0.86-1.54) 1.32 (0.97-1.80)b 
Multiple births, No 1FT (n=35) 1.0 n/rc 2.39 (1.41-4.08) 2.61 (1.58-4.0 1 )b 
Multiple births, Any IFT (n=53) 1.7 n/rc 0.95 (0.44-2.03) 1.06 (0.45-2.4 7)b 
-....l Among subtypes of 1FT 
+:>. 
1.32 (0.86-2.02)b Singleton births, FD (n=158) 5.3 15.8 1.27 (0.87-1.86) 
Multiple births, FD (n=26) 0.9 n/rc 0.97 (0.33-2.81) 1.23(0.42-3.66)b 
Singleton births, DIIIUI (n=61) 2.1 n/rc 1.50 (0.87 "2.59) 1.63 (0.88-3.03)b 
Multiple bi1ths, DIIIUI (n= 19) 0.6 n/rc 0.88 (0.24-3.27) 1.16 (0.30-4.50)b 
Singleton births, ART (n=107) 4.0 11.7 1.27 (0.87 -1.86) 1.32 (0.86-2.02)b 
Multiple births, ART (n=34) 1.1 n/rc 0.98 (0.39-2.48) 1.00(0.33-3 .01 )b 
3Population-based frequencies were weighted by race/ethnicity. 
b Adjusted for maternal age, education, income and use of government paid pregnancy healthcare/ WIC services. 
cNot Reportable. Calculations based on fewer than 11 events are suppressed to maintain the privacy of data subjects per request 
.from the Massachusetts Department of Public Health Privacy and Data Access Office. 
-....) 
Vl 
Table 3.5 1FT and the risk of PDS among 2007-2010 MA-PRAMS mothers, by plurality and delivery 
Among mothers with vaginal births 
(N=2,373) 
Singleton births, No IFT (n=2,162) 
Singleton births, Any IFT (n=188) 
Multiple births, No IFT (n<11) 
Multiple births, Any IFT (n=17) 
Among mothers with Cesarean births 
(N=1,210) 
Singleton births, No 1FT (n=1 ,015) 
Singleton births, Any IFT (n= 131) 
Multiple births, No 1FT (n=29) 
Multiple births, Any 1FT (n=35) 
aDelivery mode data missing for 17 mothers. 
%of 
Mothersa,b 
90.6 
8.3 
n/rd 
0.9 
81.6 
12.6 
2.7 
3.1 
%within 1FT 
category who 
reported PDSb 
8.3 
8.9 
n/rd 
n/rd 
11.1 
16.8 
n/rd 
n/rd 
bPopulation-based frequencies were weighted by race/ethnicity. 
unadjusted RR 
(95% CI) 
1. 00 (reference) 
0.99 (0.65-1.51) 
1.48 (0.25-8.91) 
0.52 (0.08-3.52) 
1.00 (reference) 
1.30 (0.87-1.95) 
2.30 (1 .31-4.04) 
1.06 (0.46-2.42) 
multivariable 
RRb 
(95% CI) 
1.00 (reference) 
1.07 (0.71-1.73) 
1.60 (0.26-9.71) 
0.68 (0.11-4.07) 
1.00 (reference) 
1.56 (1.03-2.38) 
2.58 (1.54-4.31) 
1.16 (0.44-3.01) 
c Adjusted for maternal age, education, income and use of government paid pregnancy healthcare/ WIC services. 
dNot Repmiable. Calculations based on fewer than 11 events are suppressed to maintain the privacy of data subjects 
per request from the Massachusetts Department of Public Health Privacy and Data Access Office. 
-....) 
Table 3.6 1FT and the risk ofPDS among 2007-2010 MA-PRAMS mothers, by 1FT category and plurality, omitting 
mothers who responded 'sometimes' to PDS questions 
% of Mothers3 
% within 1FT category unadjusted RR multivariable RRb 
who reported PDS3 (95% Cl) (95% Cl) 
Among all mothers (N=2,609) 
No IFT (n=2,323) 88.0 12.7 1.00 (reference) 1.00 (reference) 
Any 1FT (n=286) 12.0 14.8 0.98 (0.74-1.30) 1.22 (0.92-1.63) 
Singleton births, No IFT (n=2,297) 87.1 12.5 1.00 (reference) 1.00 (reference) 
Singleton births, Any IFT (n=243) 10.2 16.0 1.09 (0.82-1.45) 1.29 (0.96-1.74) 
Multiple births, No IFT (n=26) 1.0 n/rc 2.32 (1.41-3.80) 2.38 (1.49-3.81) 
Multiple births, Any 1FT (n=43) 1.8 n/rc 0.84 (0.40-1. 78) 0.96 (0.41-2.21) 
01 Among subtypes of 1FT 
Singleton births, FD (n=124) 5.7 20.0 1.17 (0.81-1.69) 1.32 (0.86-2 .02) 
Multiple births, FD (n=20) 0.9 n/rc 0.91 (0.32-2.58) 1.23 (0.42-3 .66) 
Singleton births, Dl!fUI (n=48) 2.5 17.7 1.38 (0.82-2.34) 1.58 (0.86-2.88) 
Multiple births, DI/1Ul (n=l5) 0.7 n/rc 0.80 (0.22-2.93) 1.06 (0.27-4.19) 
Singleton births, ART (n=80) 3.9 16.3 1.17 (0.81-1.69) 1.24 (0.81-1.87) 
Multiple births, ART (n=27) 1.1 n/rc 0.89 (0.36-2.22) 0.93 (0.31-2.80) 
3Population-based frequenGies were weighted by race/ethnicity. 
b Adjusted for maternal age, education, income and use of government paid pregnancy health care/ WIC services. 
cNot Reportable. Calculations based on fewer than 11 events are suppressed to maintain the privacy of data subjects per request 
from the Massachusetts Department of Public Health Privacy and Data Access Office. 
-....) 
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Table 3.7 1FT and the risk ofPDS among 2007-2010 MA-PRAMS mothers, by plurality and delivery, omitting mothers who 
responded 'sometimes' to PDS questions 
Among mothers with vaginal births (N=l ,726) 
Singleton births, No 1FT (n= I ,563) 
Singleton births, Any 1FT (n= 145) 
Multiple births, No IFT (n<ll) 
Multiple births, Any 1FT (n=13) 
Among mothers with Cesarean births (N=871) 
Singleton births, No IFT (n=723) 
Singleton births, Any IFT (n=98) 
Multiple births, No IFT (n=21) 
Multiple births, Any IFT (n=29) 
"Delivery mode data missing for 12 mothers. 
% of Mothersa,b % within 1FT category 
who reported PDSb 
90.3 11.2 
8.5 11.7 
n/rd n/ rd 
1.0 n/rd 
80.8 15.3 
13.5 21.4 
2.5 n/rd 
3.2 n/rd 
bPopulation-based frequencies were weighted by race/ethnicity. 
unadjusted RR 
(95% Cl) 
1.00 (reference) 
0.93( 0.62-1.41) 
1.29 (0.22-7 .45) 
0.49 (0.08-3.26) 
1.00 (reference) 
1.24 (0.84-1 .83) 
2.26 (1.35-3.79) 
0.91 (0.40-2.05) 
cAdjusted for maternal age, education , income and use of government paid pregnancy healthcare/ WIC services. 
multivariable RRb 
(95% Cl) 
1.00 (reference) 
1.07 (0.69-1.66) 
1.71 (0.34-8.63) 
0.66 (0.12-3.71) 
1.00 (reference) 
1.55 (1.04-2.30) 
2.27 (1.40-3 .69) 
1.00 (0.38-2.59) 
dNot Reportable. Calculations based on fewer than 11 events are suppressed to maintain the privacy of data subjects per request from 
the Massachusetts Department of Public Health Privacy and Data Access Office. 
Table 3.8 1FT and the risk ofPDS among 2007-2010 MA-PRAMS mothers, by 1FT category and plurality, omitting mothers 
who responded 'sometimes' to PDS questions and restricted to Mothers with incomes 2:: $50,000 
Among all mothers (N=l ,338) 
No IFT (n=l,l35) 
Any 1FT (n=203) 
Singleton births, No IFT (n=1 ,125) 
Singleton births, Any 1FT (n=171) 
Multiple births, No IFT (n<11) 
Multiple births, Any IFT (n=32) 
% of Mothers a 
85.1 
14.9 
84.3 
12.6 
n/rc 
2.3 
% within 1FT category 
who reported PDS3 
9.2 
13.7 
9.1 
14.9 
n/rc 
n/rc 
unadjusted RR 
(95% Cl) 
1.00 (reference) 
1.22 (0.84-1.75) 
1.00 (reference) 
1.32 (0.90-1.93) 
2.50 (0 .96-6.53) 
0.78 (0.26-2.32) 
multivariable RRb 
(95% Cl) 
1.00 (reference) 
1.31 (0.91-1.90) 
1.00 (reference) 
1.43 (0.97 -2.09) 
2.42 (1.00-5.86) 
0.81 (0.27-2.50) 
~----------------------------~---------------------------------------------
00 Among subtypes ofiFT 
Singleton births, FD (n=95) 
Multiple births, FD (n=15) 
Singleton births, DIIIUI (n=40) 
Multiple births, DI/IUI (n=13) 
Singleton births, ART (n=64) 
Multiple births, ART (n=20) 
7.6 
1.2 
3.6 
1.1 
5.1 
1.9 
8Population-based frequencies were weighted by race/ethnicity. 
16.9 1.20 (0.73-2.00) 
n/rc 1.09 (0.30-4.00) 
14.6 1.65 (0.87-3.11) 
n/rc 1.27 (0.35-4.57) 
15.0 1.20 (0. 72-1.99) 
n/rc 0.81 (0.22-3.06) 
b Adjusted for maternal age, education and use of government paid pregnancy health care/ WlC services. 
1.29 (0.77-2.15) 
1.12 (0.28-4.45) 
1.68 (0.88-3.21) 
1.45 (0.38-5.54) 
1.28 (0.77-2.14) 
0.83 (0.21-3.23) 
~ot Reportable. Calculations based on fewer than II events are suppressed to maintain the privacy of data subjects per request from 
the Massachusetts Department of Public Health Privacy and Data Access Office. 
-...) 
Table 3.9 1FT and the risk ofPDS among 2007-2010 MA-PRAMS mothers, by plurality and delivery, omitting mothers who 
responded 'sometimes' to PDS questions, and restricting to mothers with income 2:: $50,000 
Among mothers with vaginal births (N=854) 
Singleton births, No 1FT (n=756) 
Singleton births, Any IFT (n=98) 
Multiple births, No IFT (n<11) 
Multiple births, Any IFT (n<ll) 
Among mothers with Cesarean births (N=4 72) 
Singleton births, No 1FT (n=369) 
% ofMothersa,b %within 1FT category 
who reported PDSb 
88.4 
10.3 
n/rd 
n/rd 
7.3 
7.9 
0 
0 
unadjusted RR 
(95% Cl) 
1.00 (reference) 
1.09 (0.60-1.98) 
multivariable RRb 
(95% CI) 
1.00 (reference) 
1.13 (0.62-2.07) 
\0 Singleton births, Any IFT (n=73) 
76.9 
16.9 
n/rd 
12.9 
23.2 
n/rd 
n/rd 
1.00 (reference) 
1.44 (0.88-2.37) 
2.47 (0.98-6.24) 
0.90 (0.31-2.64) 
1.00 (reference) 
1.82 (1.11-2.97) 
2.20 (1.07-4.52) 
1.11 (0.36-3.44) 
Multiple births, No IFT (n<ll) 
Multiple births, Any IFT (n=22) 
aDelivery mode data missing for 1 mother. 
4.3 
bPopulation-based frequencies were weighted by race/ethnicity. 
cAdjusted for maternal age, education and use of government paid pregnancy healthcare/ WIC services. 
ctNot Reportable. Calculations based on fewer than 11 events are suppressed to maintain the privacy of data subjects per request from 
the Massachusetts Department of Public Health Privacy and Data Access Office. 
00 
0 
Table 3.10 1FT and the risk ofPDS among 2009-2010 MA-PRAMS mothers, by plurality and history of mental health visit 
%within 1FT 
unadjusted RR multivariable RR 
% of Mothers9 category who 
reported PDS8 (95% CI) (95% CI) 
Among all mothers (N= 1,760) 
Singleton births, No 1FT 86.7 8.6 1.00 (reference) 1.00 (reference )b 
Singleton births, Any IFT 10.5 15.8 1.36 (0.89-2.09) 1.43 (0.89-2.31 )b 
Multiple births, No IFT 1.1 n/rd 3.50 (1.63-7.51) 3.86 (1.83-8.12)b 
Multiple births, Any IFT 1.7 n/rd 1.51 (0.58-3.96) 1.50(0.4 7-4.84 )b 
Mothers reporting no prior mental health visit 
(N=1 ,540) 
Singleton births, No IFT 87.1 6.4 1.00 (reference) 1.00 (referencet 
Singleton births, Any 1FT 10.3 15.4 1.66 (1.02-2.69) 1.84 (1.09-3 .09t 
Multiple births, No 1FT 1.2 n/id 5.05 (2.61-9.78) 6.16 (3.41-11.12)' 
Multiple births, Any IFT 1.6 n/rd 2.16 (0.86-5.40) 2.29 (0 .75-7.00) 
Mothers reporting a prior mental health visit (N=200) 
Singleton births, No 1FT 85.1 24.2 1.00 (reference) 1.00 (reference)' 
Singleton births, Any IFT I 2.4 n/rd 0. 78 (0.31-1.95) 0. 73 (0 .24-2.22)' 
Multiple births-not reportabled n/rd n/rd 
3 Population-based frequencies were weighted by race/ethnicity. 
b Adjusted for prior mental health visit, maternal age, education, income, government-paid pregnancy health care/ WIC services. 
c Adjusted for maternal age, education, income, government-paid pregnancy-related health care/ WIC services. 
dNot Reportable. Calculations based on fewer than II events are suppressed to maintain the privacy of data subjects per request from 
the Massachusetts Department of Public Health Privacy and Data Access Office. 
00 
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Table 3.11 1FT and Seeking Help among 441 MA-PRAMS mothers reporting PDS, 2007-2010 
%, of Mothers Of those with PDS, unadjusted RR multivariable RRc 
with PDS3 % Sought Helpa,b (95% CI) (95% CI) 
Singleton births, No IFT 83.9 39.2 1.00 (reference) 1.00 (reference) 
Singleton births, Any IFT n/rd n/rd 1.02 (0.63-1.66) 1.08 (0.66-1.77) 
Multiple births, No IFT n/rd n/rd 1.39 (0.64-3.01) 1.32 (0.62-2.81) 
Multiple births, Any IFT n/r.d n/rd 0.58 (0.10-3.48) 0.72 (0.10-5.06) 
aPopulation-based frequencies were weighted by race/ethnicity. 
b128 Mothers with PDS reported seeking help, representing 38.6% ofPDS mothers. 
cAdjusted for maternal age, education, income, government-paid pregnancy healthcare/ WIC services. 
dNot Reportable. Calculations based on fewer than 11 events are suppressed to maintain the privacy of 
data subjects per request from the Massachusetts Department of Public Health Privacy and Data 
Access Office. 
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4. POSTPARTUM DEPRESSIVE SYMPTOMS AND HOSPITAL-BASED 
INFANT HEALTHCARE UTILIZATION 
4.1 ABSTRACT 
BACKGROUND: Postpartum depressive symptoms (PDS) affect at least 10-20% of 
mothers. Previous studies have found conflicting results for the association between PDS 
and hospital-based infant healthcare (Hili) utilization. In addition, there are well-
documented race/ethnic differences in both PDS prevalence and healthcare utilization, 
but there has been no prior investigation of effect modification by race/ethnicity of the 
association between PDS and Hili. 
METHODS: We used data from the Massachusetts Pregnancy Risk Assessment 
Monitoring System (MA-PRAMS) 2007-2009 and the Pregnancy to Early Life 
Longitudinal Linkage (PELL) to evaluate whether PDS, assessed at the time of survey 
completion (median: 3.2 months postpartum, interquartile range: 2.9-4.0 months), was 
associated with Hili in the 24 months after birth. We defined PDS as the report of 
' always ' or 'often' to depressive symptoms on PRAMS Phase 5 (2007-2008), or PRAMS 
Phase 6 (2009 compared with women who reported ' sometimes,' rarely,' or 'never' to all 
· depressive symptoms. The risk of Hili was weighted by race/ethnicity using SUDAAN 
and Hili was categorized into 4 groups: any Hili, Emergency Department visits (EDV), 
observational stays (OBS) and hospitalizations (HOSP). Women with recorded Hili 
events prior to the report ofPDS were excluded. Modified Poisson regression models 
directly estimated risk ratios (RRs) and 95% confidence intervals (Cis), controlling for 
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socioeconomic status, race/ethnicity, intimate partner violence, and prior mental health 
visits. 
RESULTS: Among 3,345 participants, 10.7% of mothers reported PDS and 38.7% 
reported any HIH (EDV=37.5%, OBS=3.7%, HOSP=6.6%). Overall, there was little 
evidence of an association between PDS and HIH (adjusted RR=l.05, 95% CI: 0.94-
1.1 7). The adjusted RRs for the association between PDS and HIH were 1. 11 (95% CI: 
0.87-1.43) among White non-Hispanic mothers, 1.02 (95% CI: 0.82-1.26) among Black 
non-Hispanic mothers, 1.21 (95% CI: 1.03-1.42) among Hispanic mothers, and 0.77 
(95% CI: 0.56-1 .07) among Asian mothers. Significant differences in the association 
between PDS and HIH were found for Asian mothers compared with White non-Hispanic 
mothers (P- interaction=0.0073), with Black non-Hispanic mothers (P-
interaction=0.0004), and with Hispanic mothers (P- interaction <0.0001), suggesting 
effect modification by race/ethnicity on the association between PDS and HIH. 
CONCLUSIONS: The association between PDS and HIH differed by race/ethnicity. 
Among White non-Hispanic and Hispanic mothers, PDS was associated with a small 
increase in HIH, while among Asian mothers, PDS was associated with a decrease in 
HIH. No appreciable association between PDS and HIH was found among Black non-
Hispanic mothers. 
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4.2 INTRODUCTION 
Post-partum depressive symptoms (PDS) affect at least 10-20% of mothers and 
can have profound, negative long-term consequences for both mothers and families if 
untreated, including social and cognitive delays in infants and children. 1-5 Because 
infants rely on their caregivers to meet their preventive and acute health care needs, 
maternal mood disorders may influence infant healthcare utilization.6-8 While some 
studies suggest that maternal depression and anxiety lead to increased utilization of 
healthcare for infants, including use of emergency department and walk-in clinic 
services8- 14 others suggest that depressed mothers engage in fewer safe-infant practices, 
including fewer well-baby checkups and lower infant immunization rates, or have shown 
. . . h 1 h . . 6 15-22 F h h no mcrease m urgent or routme ea t care visits. ' urt ermore, among mot ers 
with PDS, whether infant health care utilization differs according to maternal use of 
mental health services has not been studied. 
Studies of the association between race/ethnicity and PDS have shown 
inconsistent results. Several cross-sectional studies of postpartum mothers have found 
self-reported PDS to be higher among Asian and Hispanic mothers, compared with White 
non-Hispanic mothers, even after adjusting for socioeconomic variables thought to be 
risk factors for PDS.23-25 Other studies have found either no difference in risk ofPDS by 
race/ethnicity once socioeconomic variables were accounted for,26 or a decreased 
prevalence of PDS among Hispanic mothers27 and Asian mothers28 relative to White non-
Hispanic mothers. 
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Health care utilization has similarly shown inconsistent results by race/ethnicity. 
Some studies have shown that healthcare services for sick-child care, including office/ 
clinic visits or hospitalizations, are more prevalent among Black non-Hispanic mothers 
compared with White non-Hispanic mothers. 21 ' 29' 30 Other studies have found that the 
different prevalence ofhealthcare services across race/ethnicity groups is explained by 
the strong correlations between education, family income, and race/ethnicity.31-33 Large 
studies comparing healthcare use among Black non-Hispanic children with White non-
Hispanic children also show conflicting results, with some studies fmding lower use, 32, 34, 
35 but other studies finding higher emergency department use among Black children. 3 1 
To our knowledge, no prior studies have investigated whether there are differences in the 
effect ofPDS on hospital-based infant healthcare by race/ethnicity, apart from economic . 
differences. 
This study examines the association between PDS and the use ofhospital-based 
infant healthcare services (Hili) due to all-causes and injury/trauma. The identification 
of factors associated with increased use of Hill could help identify mothers who might 
benefit from screening and treatment for PDS, at point of care for infants, potentially 
leading to greater infant and maternal well-being. 
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4.3METHODS 
4.3.1 Participants and Procedures: 
Study participants were mothers who participated in the Massachusetts Pregnancy 
Risk Assessment Monitoring System (MA-PRAMS) between 2007-2009. PRAMS is a 
multi-state, population-based surveillance system funded by the Centers for Disease 
Control and Prevention (CDC) in collaboration with state health departments. The project 
collects data on maternal experiences that occur before and throughout pregnancy, into 
early infancy. PRAMS questions include core questions asked of all participating states, 
as well as state-specific questions. MA-PRAMS includes questions on maternal 
characteristics, pregnancy intention, cigarette use, specific stressful events during the 12 
months prior to birth, questions on birth outcomes, and maternal mood and health after 
birth. PRAMS participants are randomly selected between 2 and 6 months postpartum 
from state birth certificate information. The majority of mothers completed the PRAMS 
survey 3-4 months postpartum (median 3.2 months, interquartile range 2.9-4.0 months) 
and represent approximately 3.0% of all MA women delivering a live birth during the 
study period. Mothers who are selected to participate are mailed a survey, with non-
respondents receiving follow-up mail surveys and telephone contacts. To ensure adequate 
representation of raciaVethnic minority groups, MA-PRAMS oversamples women by 
race and Hispanic ethnicity. MA-PRAMS data are weighted to account for oversampling 
by race/ethnicity, and to account for non-response. Mothers of twins and triplets have one 
infant randomly selected by the state' s Department of Public Health to be the index 
infant. Mothers whose pregnancy ended in stillbirth or multiple-births resulting in 
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greater than triplets are excluded from PRAMS. Details of PRAMS methodology, 
protocol and questionnaires have been published elsewhere.36 
We also used data from the Pregnancy to Early life Longitudinal Linkage study 
(PELL). PELL is a Massachusetts population-based, longitudinal data system using birth 
certificates linked to the hospital discharge records of mother's deliveryin MA hospitals 
using LinkPro v2.0, a SAS-based probabilistic matching program, and selected variables 
including maternal and infant dates of birth, hospital of birth, infant medical record 
number, sex, and ZIP code of maternal residence. PELL data contain all MA birth 
certificate variables on the ;:::; 78,000 live births yearly, hospital-based healthcare data 
including admission and discharge dates, as well as details of procedures and diagnoses, 
and are linked to MA-PRAMS mothers' responses. 
The study was approved by the Institutional Review Board of the Massachusetts 
Department of Public Health and completed in full compliance with HIP AA standards. 
4.3.2 Assessment of Exposures: 
PRAMS asks the mothers questions about their mood using a Likert-like scale and 
are similar to the questions asked on the Patient Health Questionnaire-2 (PHQ-2) 
depression model,37 an effective screening tool for depressive symptoms.38• 39 PRAMS 
Phase 5 (2007-2008) asked: 
1) Since your new baby was born, how often have you felt down, depressed 
or hopeless, and 2) Since your new baby was born how often have you had 
little interest or little pleasure in doing things? Response options were: 
Always, Often, Sometimes, Rarely, Never. 
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PRAMS Phase 6 (2009-2010) asked: 
Below is a list of feelings and experiences that women sometimes have 
after childbirth. Read each item to determine how well it describes your 
feelings and experiences. Then write on the line the number of the choice 
that best describes how often you have felt or experienced things this way 
since your new baby was born: A) I felt down, depressed or sad. B) I felt 
hopeless. C) I felt slowed down. 
Response options were on a Likert scale with Never =1, Rarely =2, 
Sometimes=3, Often =4, Always =5 for A, B, and C each. 
Our defmition of PDS was informed by component questions used to identify 
depression in the DSM-IV-TR40 on the PHQ-237 and by the CDC.41 For Phase 5 
participants, we defined mothers as having PDS if they reported "Always" or "Often" to 
either question on depressive symptoms in Phase 5. As recommended by the CDC, for 
Phase 6 participants we summed the scores of depression symptom responses and defined 
mothers as having PDS if they had summed depressive symptom scores> 10.41 To have 
greater comparability with Phase 5 participants, we also defined mothers as having PDS 
if they reported "Always" or "Often" to either part A orB to Phase 6 questions. We 
defined mothers who reported "Sometimes/ Rarely/Never" to all questions as our 
reference group. This method yields 63% sensitivity and 83% specificity for depression 
in Phase 5, and 56.8% sensitivity and 86.6% specificity in Phase 6, compared to the 
PHQ-2.41 
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PRAMS also asks about postpartum help-seeking behavior specifically for 
depression: 
Since your new baby was born, have you asked for help for depression 
from a doctor, nurse or other health care provider? "Yes/No" 
We also created three categories ofPDS based on the mother's response: No PDS, PDS 
and sought help, PDS and did not seek help. 
4.3.3 Assessment of Outcomes: 
In the PELL database, we identified hospital admissions, emergency department 
visits, and observational stays for each infant by ICD-9 codes from the medical records. 42 
We created a binary hospital-based infant healthcare utilization variable for any use of 
hospital-based infant healthcare (Hili: hospitalization or emergency department use or 
observational stay) in MA hospitals from the time of mother's completion of PRAMS 
through 2 years (730 days) as 'Yes/No', as well as individual variables for 
hospitalizations (HOSP), emergency department use (ED) and observational stays (OBS), 
as 'Yes/No', with 'no Hili' as the reference group. We also identified Hili for 
injury/trauma and for illness using ICD-codes, and created binary variables of 
'injury/trauma, Yes/No' and. 'illness, Yes/No' for which ICD codes 800.00-999.99 and 
E001.0-E999.9 were used to identify injury/ trauma and illness. 
4.3.4 Assessment ofCovariates: 
Guided by the literature and the use of directed acyclic graphs,8' 9' 12' 15 we 
considered covariates that are associated with both PDS and Hili as potential 
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confounders. These included maternal age, education, parity, fainily income, cigarette 
use in pregnancy, government-paid healthcare during pregnancy, delivery and postnatally 
and WIC nutritional service use, pre-pregnancy BMI, length of hospital stay, plurality, 
gestational age, mode of delivery, congenital malformations, birthweight, stay in the 
neonatal intensive care unit (NICU), and mother's prior mental health visits (available for 
PRAMS Phase 6 as question: 'At any time during the 12 months before you got pregnant 
with your new baby, did you do any of the following things? I visited a health care 
worker to be checked or treated for depression or anxiety, Yes/No'). We considered 
intimate partner violence (IPV), asked on PRAMS as: During the 12 months before, or 
during your most recent pregnancy, were you physically hurt in any way by your husband 
or partner, or did an ex-husband or ex-partner push, hit, slap, kick, choke, or physically 
hurt you in any other way? We also considered maternal self-identified race/ethnicity, 
determined by mother' s self-report on her infant's birth certificate as: White non-
Hispanic, Black non-Hispanic, Hispanic, Asian, and Other, non-Hispanic. 
4.3.5 Exclusions: 
Of the 4,385 mothers who completed MA-PRAMS in 2007, 2008, or 2009, we 
excluded mothers with missing data on PDS (n= 1 78) and mothers whose infants had died 
shortly after birth, before the opportunity for completion of PRAMS (n=30). To clarify 
temporality of the association between PDS and HIH, we excluded from the main 
analysis mothers who had used HIH before completing PRAMS (n=889), with 3,345 
mothers remaining. We compared these results with results obtained after retaining these 
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women while controlling for "Hili use prior to PRAMS" in the regression models. 
Results controlling for Hili use prior to PRAMS did not differ substantially. Mothers 
who used Hili early after parturition were more likely to have had a preterm birth (8.9% 
versus 6.3%), an infant with birth weight <2500g (9.4% versus 6.6%), used N1CU 
services (20.9% versus10.2%) or had an infant born with a congenital anomaly (8.5% 
versus. 5.2%) than mothers who did not use Hili early after parturition. Mothers of 
preterm infants and infants with congenital anomalies are thought to be at increased risk 
of developing PDS.43-46 These infants are also at greater risk of needing Hili for 
underlying conditions related to their birth circumstances. 
4.3.6 Data Analysis: 
We used SUDAAN to account for the complex survey design of PRAMS and to 
obtain prevalence estimates weighted by race/ethnicity. We used a modified Poisson 
regression model with a robust error variance to directly estimate risk ratios (RR) and 
95% confidence intervals (CI) to estimate the association between PDS and Hlli.47 Only 
those potential confounders that changed the effect estimate by greater than 1 0% were 
retained in the fmal model, provided they were not believed to be causal intermediates.48 
Based on these criteria, we controlled for maternal age (categories based on frequency 
distributions: <20, 20-24, 25-29, 30-34,2: 35 years), education(< high school diploma, 
high school diploma, some college, and completed college), race/ethnicity (White non-
Hispanic, Black non-Hispanic, Hispanic, Asian, and Other non-Hispanic), government 
paid pregnancy-related care/ WIC services, IPV (any/ none) and prior mental health visit 
(for Phase 6). To examine whether associations were modified by race/ethnicity on the 
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multiplicative scale, we stratified the data by race/ethnicity. We also included cross-
product terms between PDS and each category of race/ethnicity in the multivariable 
model, with Wald tests being used to assess the relevant contrasts of interest. We 
examined additional models of mother' s use ofHlli among mothers who completed 
PRAMS by her infant's fourth month of life (120 days). Regression analyses were 
performed using SAS version 9.3 (SAS Institute, Inc. NC). 
Mothers excluded from analysis due to missing data were more likely to have a 
less than a college education, lower family income, be of Black non-Hispanic, or 
Hispanic race, be unmarried, have used government-paid services for pregnancy or 
delivery care, not had prenatal care in the first trimester, have an infant with a birth 
defect, gestational age <3 7 weeks, low birth weight or NICU stay compared with mothers 
included in our analysis (Appendix-Table 6.3 .1 ). 
4.4RESULTS 
Selected baseline characteristics by PDS report are presented in Table 4.1, with 
10.7% of mothers overall reporting PDS. Mothers who reported PDS were more likely to 
be younger, unmarried, have lower education, have used government-paid pregnancy or 
delivery care, or Special Supplemental Nutrition Program for Women, Infants, and 
Children (WIC) services, and identify as Black non-Hispanic or Hispanic than mothers 
who reported no PDS. Mothers who reported PDS were also more likely to report 
pregnancy intention of 'later' (36.9%) or 'did not want pregnancy' (804%), compared 
with mothers who reported no PDS (23.3% and 5.6% respectively), and were more 
99 
thantwice as likely as mothers without PDS to have also reported IPV. We did not 
observe any appreciable differences in the prevalence ofPDS by mode of delivery. 
liTH was reported by 38.7% of mothers. As with mothers who reported PDS, 
mothers who reported Hili were more likely to be younger, unmarried, have reported 
IPV, have lower education, and be of Black non-Hispanic or Hispanic race/ethnicity than 
mothers who reported no liTH. Frequencies ofHlli categories overall were 37.5% for 
EDV, 3.7% for OBS and 6.6% for HOSP (data not shown). 
We also examined baseline characteristics according to race/ethnicity (Table 4.2). 
Overall, 70.7% of mothers self-identified as White non-Hispanic, 7.9% as Black non-
Hispanic, 12.0% as Hispanic, and 8.3% as Asian. An additional1.1% self-identified as 
of other non-Hispanic. Black non-Hispanic, and Hispanic mothers were more likely to be 
younger, report more IPV, have infants with higher prevalence of birth defects, low birth 
weight and younger gestational age, have lower income, less education and have used 
government-paid care for pregnancy or delivery, or WIC services, and be less likely to 
have prenatal care in the first trimester than White, non-Hispanic mothers. Asian 
mothers also were more likely to have had infants with a birth defect, low birth weight, or 
NICU stay compared to White non-Hispanic mothers. Asian mothers also had the lowest 
prevalence of liTH use overall, regardless of mother' s PDS exposure. We did not observe 
any appreciable differences in mode of delivery or age of infant at time of PRAMS across 
race/ethnicity groups. PDS was reported by 8.0% of White non-Hispanic mothers, 17.8% 
of Black non-Hispanic mothers, 16.4% of Hispanic mothers and 18.3% of Asian mothers. 
23.7% of Asian mothers in PRAMS Phase 5, 2007-2008, reported PDS, compared to only 
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7.1% of Asian mothers in PRAMS Phase 6, 2009. The increase in Phase 5 is due to the 
inclusion of the anhedonia question, which Asian mothers endorsed at greater frequency 
than any of the other race/ethnicity groups and which was not asked in Phase 6. Details 
of responses to PDS questions by phase and race are presented in Table 4.3. 
In Phase 5, PRAMS asked about anhedonia as a separate question. Among Asian 
mothers, 19.8% responded 'always/often' to this question, compared to 5.9% of White 
non-Hispanic mothers (Table 4.3). Yet, 34.6% of Asian mothers also reported never 
feeling sad, depressed or hopeless, compared with only 25.9% of White non-Hispanic 
mothers. In Phase 6, having feelings of hopelessness was asked as a separate question. 
Greater than 65% of all mothers responded 'never' to feeling hopeless, with little 
difference by race/ethnicity. 
Frequencies for specific infant injury/trauma and illness, by ICD-9 coding, are 
given by mother's PDS report in Table 4.4. Of the infants whose mothers did not report 
PDS, 33.2% had HIH with an ICD-9 coding indicating injury/trauma compared with 
25.2% of infants whose mothers reported PDS. Of injury/trauma visits, falls were the 
most prevalent, with 8.8% ofthe infants of mothers with PDS and 16.3% ofthe infants of 
mothers without PDS reporting these events. For illness ICD-9 codes overall, infants of 
mothers with PDS had higher prevalence of HIH visits, relative to infants of mothers 
without PDS (82.3% versus73;8% respectively). Infants of mothers with PDS showed a 
similar prevalence of respiratory disorders and otitis-related visits compared with the 
infants of mothers without PDS (28.2% versus 27.5% and 11.5% versus 13.5% 
respectively). Infectious disease-related HIH was more frequent among the infants of 
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mothers with PDS compared with infants of mothers without PDS (14. 7% versus 10.6% ), 
as were endocrine-related, and nervous system-related Hill (8.3% versus 5.7% and 
16.8% versus 13.6%, respectively). 
Frequency distributions of the types of Hill, overall and by race, are presented in 
Table 4.5. Among the 479 infants of mothers who reported PDS, 46.5% used any Hili 
compared with 37.7% among 2,866 infants of mothers who did not report PDS. Nearly 
half ( 44.6%) of the infants of mothers with PDS had an Emergency Department visit 
(EDV), and 20.9% infants had two or more ED visits, compared with 36.7% and 16.9%, 
respectively, of the infants of mothers with no PDS. Asian mothers, regardless ofPDS 
status, used Hill less frequently than White non-Hispanic, Black non-Hispanic or 
Hispanic mothers. 
Unadjusted and adjusted risk ratios for associations between PDS and Hili are 
presented in Table 4.6. The RR for the association between PDS and Hill was 1.13 (95% 
CI: 1.01-1.26). After further adjustment for maternal age, education, government-paid 
healthcare/WIC services, race/ethnicity and IPV, the PDS-HIH association was 
attenuated (RR=l.05, 95% CI: 0.94-1.17). Mothers with PDS showed an increased risk 
for OBS (RR=1.70, 95% CI: 1.01-2.86) and for HOSP (RR=1.26, 95% CI:0.87-1.84), 
but not for EDV (RR=1.03, 95% CI: 0.92-1.15). In a sensitivity analysis, we compared 
mothers who responded 'always/often' to mothers who responded 'rarely/ never' for their 
depressive symptoms. The RRs and their 95% Cis showed little difference compared to 
the results with the definition ofPDS that includes 'sometimes/ rarely/ never' in the 
comparison group, with the exception of a more robust increased unadjusted association 
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for Emergency Department use and Hospitalizations among mothers with PDS. 
However, adjusted models were still attenuated (Table 4.7). To clarify temporality of the 
association between PDS and HIH, we excluded from the main analysis mothers who had 
used HIH before completing PRAMS (n=889), with 3,345 mothers remaining. We 
compared these results with results from regression models which included mothers who 
had IllH use prior to completion of PRAMS these women while controlling for "Hili use 
prior to PRAMS." Results controlling for IllH use prior to PRAMS did not differ 
substantially (Appendix 6.3.2 and 6.3.3). We also examined models that were restricted 
to mothers who completed PRAMS by the fourth month of her infant's life (120 days) 
(Appendix 6.3.4 and 6.3.5). RRs were similar comparing mothers with PDS who did and 
did not seek help for their depression (data not shown). 
The adjusted RR for the association ofPDS with IllH was 1.11 (95% CI: 0.87-
1.43) among White non-Hispanic mothers, 1.02 (95% CI: 0.82-1.26) among Black non-
Hispanic mothers, 1.21 (95% ct: 1.03-1.42) among Hispanic mothers, and 0.77 (95% CI: 
0.56-1.07) among Asian mothers (Table 4.8 and Table 4.9). Asian mothers with PDS 
were less likely to utilize Hili compared with mothers without PDS (RR=0.77, 95% CI: 
0.56-1.07). The reduced risk ofHili among Asian mothers was found regardless of 
whether mothers sought help for their PDS; however, the RRs were imprecise. 
Significant differences in the association between PDS and IllH were found for Asian 
mothers compared with White non-Hispanic mothers (p-value for interaction=0.0073), 
Asian mothers compared with Black non-Hispanic mothers (p-value for 
interaction=0.0004), and Asian mothers compared with Hispanic mothers (p-value for 
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interaction <0.0001), suggesting effect modification on the multiplicative scale by 
race/ethnicity on PDS-Hlli association. Adjusted RRs for the association between PDS 
and Hili by race/ethnicity, with Asian mothers as the reference group, are presented in 
the Appendix (Table 6.3.6). 
Mothers with a history of mental health disorders are at increased risk ofPDS.49• 
50 In our MA-PRAMS dataset, data collection on prior mental health visits began only in 
2009. Models that further adjusted for mother's prior mental health visit among the 
1 ,024 mothers contributing Phase 6, 2009 data showed similar results to models that did 
not adjust for prior mental health visits (Table 4.1 0). When we stratified on prior mental 
health visit, the adjusted RR for PDS-Hlli association was 0.96 among mothers who 
reported having a mental health visit just prior to or during pregnancy (95% CI: 0.62-
1.4 7), while among mothers who reported no prior mental health visit, the adjusted RR 
was 1.27 (95% CI: 0.99-1.62) both relative to mothers with no PDS (data not shown). 
When we distinguished reason for Hili by injury/trauma and illness using lCD codes, our 
results included the null with wide confidence intervals (Table 4.11 ). 
4.5 DISCUSSION 
In our study, we found little evidence of an association between PDS and Hili 
overall, a finding that agrees with a 2010 analysis by Cullen et al in a cross-sectional 
study of 17,830 mothers from a national sample of Medicaid and SCRIP- insured 
children ages 0-4 years.21 Specifically, Cullen et al found no difference in number of 
overall healthcare visits or Emergency Department use within the past 12 months, 
between mothers with and without self-reported mental health problems at the time of 
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survey, among children ages 0-4. Anderson et al, in a 2008 cross-sectional Canadian 
study of 655 infants also found no association between PDS, using a questionnaire that 
asked about mood during the prior week, and healthcare utilization for infants since 
birth.22 Grupp-Phelan et al also found no association between mothers ' depressive 
symptoms at the time of infant healthcare in an ED and mothers' report of current health 
status for their infant. 51 
Earlier studies documented a high prevalence of depressive symptoms among 
mothers who bring their infants for lilll,8' 51 ' 52 and others have shown positive 
associations between PDS and Emergency Department use, but these studies did not 
restrict their analysis to mothers who had not used lilll services prior to PDS 
ascertainment, and most studies were cross-sectional (i.e., PDS was ascertained at the 
same time as Hil-I use). 8• 12• 52-54 In these studies, it is possible that concern and worry 
about the infant' s health predisposed the mother to acute symptoms of depression, rather 
than PDS affecting the mother's healthcare use for her infant. 
Our study found an increased risk of OBS among mothers with PDS. Eighteen 
mothers with PDS used OBS for their infants. Sixteen of these infants used OBS for 
acute symptoms of respiratory syncytial virus, asthma, croup, and bronchitis, with OBS 
occurring between one month and seventeen months after completion of PRAMS. As 
these sixteen infants had no other additional Hili utilization, it is unlikely that any 
underlying health condition in the infant preceded the mother's PDS. 
Our fmdings are not entirely consistent with the results from prior studies. 9 In a 
cross-sectional survey, Flynn et al examined the prevalence ofPDS among mothers 
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bringing their child to the Emergency Department and found that 31% met criteria for 
depressive risk and that these mothers reported greater use of the Emergency Department 
for their child during the past six months. 14 However, that study included children up to 
age seven, and ascertained maternal mood during the past week only. In a 1999 
prospective cohort study of 1 ,015 mothers, Mandl et al. found that mothers with a high 
level of depressive symptoms at eight weeks postpartum had an increased odds of 
Emergency Department visits, but these Hill visits were measured during the first month 
of the infant's life,8 while mothers in our study reported, on average, their symptoms 
three to four months postpartum and Hill was followed for 24 months. Thus, PDS may 
have been an effect of Hill, rather than a risk factor for Hili. 
Schwebel et al, in a large nationally-sampled, prospective cohort study, also found 
an increased risk of children's injury from birth to age 3 among chronically depressed 
mothers compared with non-depressed mothers, but not for children ages three years to 
first grade. 55 A mother's chronic depressive state may be more likely to impair her ability 
to supervise her toddler (who require greater supervision than older children), leading to 
increased healthcare use for her toddler's injuries. Schwebel et al. ' s study, which used 
data from the National Institute of Child Health and Human Development Study of Early 
Child Care, combined injury related events during 0-3 years and 3 years to first grade. In 
the association ofPDS and Hill, it is possible that infants ages 0-24 months have a 
different vulnerability than children ages 25-36 months. In another important prospective 
cohort study, Minkovitz et al found a positive association between PDS reported at 2-4 
months and infant healthcare use over the following 30 months, including Emergency 
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Department visits. No association was found between PDS reported only at 30-33 
months and infant healthcare use over the same time, compared to mothers with no PDS 
at either 2-4 months or 30-33 months postpartum. However, severity of depressive 
symptoms beyond threshold for PDS was not recorded. While these four studies all 
collected data on race/ethnicity, and included this variable in statistical models, none of 
these studies present race-specific associations. 
Maternal mood disorders, including increased stress and anxiety, negatively affect 
parenting and can lead to increased utilization of health care for infants when mothers are 
overly worried about illness.9- 11 However, limited data also suggest that depressed 
mothers engage in fewer safe-infant practices including fewer well-baby checkups and 
lower infant immunization rates.6' 15-20 It is possible that the combination of these 
opposing effects could explain our overall finding of no evidence of an association 
between PDS and HIH. 
Mothers with PDS may feel less confident in their ability to manage their infant's 
health condition, or they may misinterpret their child's behavioral cues. Mothers with 
PDS have shown greater perception of their offspring's illness severity, regardless of 
medical opinion of illness severity, when compared to mothers without PDS. 55 Holland et 
al surmised that physicians may be more likely to hospitalize a child if the mother 
appears less responsive to her child/7 as is characteristic of mothers with PDS. 
There are well-known disparities in both healthcare use and the prevalence of 
PDS across racial/ethnic groups. 24' 59-60 Earlier large studies of mental health that include 
an assessment of depressive symptoms, such as the National Comorbidity Study,61 or the 
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National Comorbidity Study-Replication,62 which looked at race/ethnicity as a risk factor 
for depression in adults, limited their samples to White non-Hispanic, Black non-
Hispanic/ African-American, Hispanic and "Other" race/ethnicities. These two related 
studies found contradictory results for depressive disorders among Black non-Hispanic 
and Hispanic adults, but did not present the data stratified by both race and gender. More 
recent studies of PDS have also found contradictory results. One study found that Black 
non-Hispanic and Hispanic mothers have lower prevalence ofPDS compared to White 
non-Hispanic mothers,27 while another found that that African-American and Hispanic 
mothers each had higher prevalence of postpartum major depression than White non-
Hi . h 63 spamc mot ers. 
Our study found differences in the association between PDS and Hlli by 
race/ethnicity. Specifically, whereas an inverse association was observed between PDS 
and Hlli among Asian mothers, the opposite was true among Hispanic mothers. Among 
Black non-Hispanic and ~tenon-Hispanic mothers, we found little evidence of an 
association between PDS and Hlll. Several studies have found results contrary to ours. A 
study of urban children with asthma found that mothers with PDS had increased use of 
the Emergency Department, compared with mothers without PDS, even after controlling 
for severity of asthma.64 In a study of low-income mothers found a positive association 
between persistent PDS and infant ' s hospitalization, although the temporality ofPDS 
compared to hospitalization was not ascertained. 54 Furthermore, a study based on a 
population of predominantly Black mothers in low-income urban communities found an 
inverse association between mother's responsiveness to her infant, a marker of mental 
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health, and Emergency Department use for her infant. 57 These three studies suggest that 
the association between PDS and increased lllH is not explained fully by racial or ethnic 
disparities in access to healthcare services. 54' 57' 64 Moreover, in the studies that examined 
recidivism ofEDV, the traditional determinant of insurance status did not reliably predict 
recidivism for pediatric patients. 32' 35' 65 In two recent studies of mothers using New York 
City PRAMS data24' 66 Asian and Pacific Islander (API) mothers were less likely to have 
had a prenatal discussion about postpartum mood, but among the API mothers who did 
have such a discussion, there was a 3.2 times increase in diagnosis ofPDS.66 This 
suggests that while Asian mothers may be less likely to express their symptoms as 
depressive, once these mothers are asked, a higher proportion self-report PDS. In a study 
using PRAMS data from Hawaii, Asian mothers had higher prevalence of PDS than 
White mothers. 25 
Asian mothers in our sample were older and more educated than mothers of other 
races/ethnicities, and these characteristics have been associated with resiliency to PDS.67' 
68 However, our study found a higher prevalence ofPDS for Asian mothers overall, 
likely driven by the higher prevalence ofPDS in Phase 5, which asked about anhedonia. 
It is possible that Asian cultures, which have traditionally been reluctant to acknowledge 
mental health concerns due to shame and stigma, may be more willing to acknowledge 
anhedonia. 28' 69' 70 With the change in self-identity that comes with motherhood, some 
Asian cultures may view the lack of taking pleasure in previously enjoyable activities as 
an expected part of motherhood and so are more willing to endorse these feelings . If this 
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is the prevailing view of a culture, then feelings of anhedonia, per se, may not reflect the 
psychological distress found when anhedonia is equated with depression. 
Asian mothers with PDS had even lower risk for Hili than Asian mothers without 
PDS. Our fmdings of lower risk for Hili among Asian mothers remained after adjustment 
for government-paid healthcare for pregnancy or delivery care, and insurance status, 
which can be proxies for access to healthcare for their child. 
We examined Hili by injury/trauma versus illness using ICD-9 codes from 
infant's medical records. We found little evidence that the infants of mothers with PDS, 
compared with mothers without PDS, were more likely to experience falls, fractures, or 
other signs of traumatic injury, as had been found in studies of offspring with age 
groupings of0-3 years54 and 0-6 years. 71 Small numbers may have impeded our ability to 
detect such associations in our study. 
We also found that mothers with PDS who reported seeking help for their PDS 
had a reduced risk of Hili relative to mothers with PDS who did not seek help and with 
mothers without PDS. Prior studies have identified differences in help-seeking behavior 
among mothers with PDS, including variation in the behaviors of physicians who 
differentially discuss postpartum depression with their patients. 24' 65' 72-74 It is possible 
that help-seeking for PDS may increase the mother's confidence in being able to manage 
her infant's health without urgent care. It is also possible that mothers who sought help 
for depression had more health-care resources, which may include increased access to 
pediatric care outside of an urgent care setting, lessening the mother's need to bring her 
child to the Emergency Department. 
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By using a population-sampled survey, weighted for race and ethnicity, our study 
was designed to be representative of all new mothers living in Massachusetts. MA-
PRAMS has a 65-70% yearly weighted response rate. In both MA-PRAMS 2007/2008 
and 2009 Surveillance Reports,75 ' 76 mothers who respondedto PRAMS questionnaires 
were comparable to the state birth population in maternal characteristics of race/ethnicity, 
age, language and marital status. PELL data were available only for mothers who 
participated in MA-PRAMS. With no exposure or outcome data for non-respondents, we 
could not directly evaluate the influence of selection bias. If participation was lower 
among mothers with PDS as well as mothers who used Hili, then our observed RR would 
be underestimated. 
Because the majority of PRAMS surveys were completed within 4 months post-
partum, some mothers who reported not experiencing PDS at the time of PRAMS may 
have subsequently developed these symptoms.77 This would have led to under-
ascertainment of exposure and potentially a conservative RR because the under-
ascertainment of PDS is unlikely to be related to Hili. However, studies indicate that the 
vast majority of mothers who develop PDS develop symptoms by three months 
postpartum. 78. 80 In a systematic review and meta-analysis of 28 studies of the prevalence 
ofPDS, Gavin et al found that PDS point prevalence ranged from 12.9% (95% CI: 10.6-
15.8) at three months postpartum, to a range of9.9-10.6% for months 4-7, with 
overlapping Cis. Therefore, it is likely that misclassification of PDS due to our relatively 
early ascertainment of symptoms is minimal. It is also possible that mothers who reported 
PDS on PRAMS without having sought help may have later received help for their 
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depressive symptoms before using Hili. However, our results indicate that there is little 
difference in the association ofPDS with by mother's help-seeking behavior. 
In the present study, different data sources were obtained for exposure and 
outcome classification, minimizing the possibility of dependent misclassification. 81 
Furthermore, although PRAMS data are self-reported, the questions related to depression 
are very similar to questions asked of patients during a clinical evaluation. 37• 39 The ICD-
9 codes used to distinguish injury/trauma versus illness were taken from the hospital 
admission and discharge records. It is possible that some of these records were 
incomplete. However, misclassification of outcome in that situation would likely be non-
differential and non-dependent, which would tend to bias our estimates of the difference 
between injury/trauma-caused Hili and illness-caused Hili toward the null. Another 
limitation is that the same factors that are associated with PDS are also driving Hili 
utilization (i.e., income, poverty, marital status, maternal education). These factors are 
also associated with race/ ethnicity. Although we have included these confounders in our 
models, residual confounding may persist, as well as confounding by as-yet-unidentified 
confounders. Our results extend only to the types of hospital-based infant healthcare in 
this study and do not represent the full spectrum of health care for infants. 
Our study adds to the growing body of literature investigating the relation 
between PDS and urgent infant healthcare services using population-based data. The 
prevalence of PDS overall in our analysis was lower than other PRAMS national 
estimates of 10-15%,23 likely due to our exclusion of mothers who used HIH prior to 
PRAMS as these infants were twice as likely to have had a NICU stay, and at least 30% 
112 
more likely to have been born <3 7 weeks gestation or with low birth weight, which are 
birth characteristics known to be associated with PDS. 
Our fmding of a differential risk of HIH by race/ethnicity among mothers with 
PDS is important for public health practice. After the 6-week postpartum checkup, many 
women no longer have routine contact with any maternal healthcare services. In 2010, 
the American Academy of Pediatrics began recommended screening for postnatal 
depression at infant well-care visits, using either the Edmburgh Postpartum Depression 
Scale or a two-question screen similar to the questions asked in PRAMS. Urgent infant 
healthcare visits at an Emergency Department or hospital could provide additional 
opportunities for brief screening for PDS in the mother and encouraging treatment. 
Future studies might examine the role that race/ethnicity of the healthcare provider plays 
in understanding differences in the prevalence ofPDS across race/ ethnic groups; i.e., if 
the mother is more comfortable confiding to a practitioner of the same ethnicity, and to 
what extent. Furthermore, mother' s access to care for her infant, as well as for herself, 
should be examined as factors for early intervention and treatment ofPDS. 
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Table 4.1 Characteristics of mothers and their infants3 
Maternal Characteristics 
PDSb NoPDS HIHC NoHIH 
(n=479) (n=2,866) (n=1,330) (n=2,015) 
Maternal Age (years), 28.8 29.9 28.7 30.5 
mean (SE) (0.40) (0.14) (0.23) (0.16) 
Maternal Age (years), % 
<20 7.1 4.6 7.0 3.4 
20-24 21.2 14.9 22.6 11.3 
25-29 24.9 25.2 24.8 25.5 
30-34 28.1 32.7 26.2 36.1 
~ 35 18.7 22.5 19.5 23.8 
Maternal Education(%) 
<High school diploma 10.2 8.8 11.6 7.2 
High school diploma 37.1 22.2 30.9 19.3 
Some college 19.0 18.0 18.7 17.7 
Completed college 33.6 51.1 38.9 55.7 
Family Income(%) 
< $15,000 33.6 16.1 26.1 12.8 
$15,000-$24,999 10.2 8.5 10.6 7.4 
$25,000-$49,999 16.2 16.7 16.7 16.6 
~ $50,000 40.0 58.8 46.6 63.2 
Maternal race (%) 
White non-Hispanic 52.4 72.9 66.9 73.1 
Black non-Hispanic 13.1 7.3 9.3 7.0 
Hispanic 18.4 11.3 16.1 9.5 
Asian 14.1 7.6 6.3 9.5 
Other, non-Hispanic 2.0 1.0 1.3 1.0 
Married (% ), no 45.9 29.4 41.0 24.9 
Smoking in pregnancy (%) 9.2 6.9 8.8 6.2 
Pregnancy Intention (%) 
Then or sooner 54.7 71.1 64.4 72.5 
Later 36.9 23.3 28.3 22.5 
Did not want pregnancy 8.4 5.6 7.3 5.1 
Gov't paid pregnancy/delivery or WIC used(%) 60.9 39.0 53.3 33.8 
Household income below federal poverty level (%) 30.9 16.4 25.5 13.3 
Parity(%) 
1st born 50.2 49.7 49.0 50.3 
2nd 28.3 33.1 32.1 32.9 
3rd or higher 21.5 17.1 18.9 16.8 
Pre-pregnancy BMI (%) 
Underweight(< 18.5) 4.5 4.0 4.0 4.0 
Normal (18.5-24.9) 50.5 58.4 20.9 21.7 
Overweight (25.0-29.9) 22.4 21.3 55.0 59.1 
Obese (~ 30.0) 22.7 16.4 20.1 15.2 
No prenatal care in first trimester(%) 17.7 10.6 12.1 10.8 
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Cesarean delivery (%) 
Intimate Partner Violence(%) 
Depression I anxiety visit before pregnancy"(%) 
HCW talked during prenatal care about depression 
during I after pregnancy"(%) 
Infant characteristics 
Infant had birth defect(%) 
Gestational Age < 37 weeks(%) 
Birthweight < 2500g (%) 
NICU stay (%) 
Infant length of stay > 6 days (%) 
Infant age at time of PRAMS (days), 
mean (SE) 
40.1 
2.5 
27.5 
78.1 
8.4 
7.2 
8.1 
13.1 
10.5 
107.9 
(1.7) 
3Population-based frequencies were weighted by racelethnicity. 
b1 0.71% of mothers reported PDS. 
32.5 
1.0 
11.1 
77.2 
4.9 
6.2 
6.4 
9.9 
6.2 
107.1 
(0.6) 
33.2 
1.7 
16.6 
78.4 
5.2 
7.4 
7.0 
11.3 
7.0 
105.4 
(0.9) 
33.4 
0.8 
10.6 
76.7 
5.4 
5.6 
6.3 
9.5 
6.4 
108.3 
(0 .8) 
cHIH: emergency department, observational stay or hospitalization, in PELL. 38.67% of mothers 
reported any HIH. 
ctlncludes Medicaid, Commonwealth Care, Free-Care or WIC use during prenatal care or 
delivery. 
eQuestion in MA-PRAMS 2009 survey, total N= 1,024: n=111 with PDS, n=913 no PDS; n=383 
any HIH, n= 641 no HIH. 
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Table 4.2 Characteristics by race/ ethnicity of mothers and their infants 
White, Black, Hi . A . 
Maternal Characteristicsa,b Hi . Hi . spamc stan non- spamc non- spamc (n=761) (n=742) (n=l,094) (n=653) 
Postpartum Depressive Symptoms (%) 8.0 17.8 16.4 18.3 
Any Hospital-based Infant Health care (%) 36.6 45 .6 51.8 29.7 
Maternal Age (years), 30.4 28.2 26.6 30.9 
mean (SE) (0.18) (0.24) (0.23) (0 .20) 
Maternal Age (years), % 
< 20 3.4 8.2 13.1 1.8 
20-24 13.0 23.0 30.0 9.8 
25-29 24.9 27.0 25 .0 24.9 
30-34 24.0 16.9 12.7 25.3 
2:35 
Maternal Education(%) 
< High school diploma 5.0 10.2 32.0 6.3 
High school diploma 20.6 37 .5 37.6 16.4 
Some college 17.3 30.0 18.5 13.2 
Completed college 57.1 22.3 12.0 64.2 
Family Income(%) 
< $15,000 101.7 38.0 50.8 16.6 
$15,000-$24,999 6.2 16.6 16.9 10.5 
$25,000-$49,999 15.6 24.7 17.6 16.5 
2: $50,000 67.5 20.7 14.7 56.3 
Married (% ), no 24.0 57.5 65.9 15.0 
Smoking in pregnancy(%) 8.5 5.6 4.4 n/rc 
Pregnancy Intention (%) 
Then or sooner 74.1 48.4 . 52.8 74.7 
Later 21.3 38.1 39.1 19.3 
Did not want pregnancy 4.6 13.5 8.1 6.0 · 
Gov't paid pregnancy/delivery or WIC used(%) 30.0 80.3 84.6 34.9 
Family income < federal poverty line(%) 11.1 35.2 46.4 16.9 
Parity(%) 
1st born 51.5 44.7 41.6 51.3 
2"d 32.4 30.4 33.1 37.4 
3 rd or higher 16.1 24.9 25.3 11.3 
Pre-pregnancy BMI (%) 
Underweight(< 18.5) 3.3 3.6 3.9 11.2 
Normal (18.5-24.9) 59.1 44.8 47.3 69.2 
· Overweight (25.0-29.9) 20.5 27.6 28.0 14.3 
Obese (2: 30.0) 17.1 24.0 20.8 5.3 
Intimate Partner Violence(%) n/rc 1.8 2.4 n/rc 
No prenatal care 151 trimester(%) 7.5 24.2 22.3 15.6 
Cesarean delivery (% ), yes 33 .6 34.1 31.8 33.3 
Depression/ anxiety visit before pregnane/ (%) 12.8 8.9 17.5 7.5 
HCW talked durin~ Erenatal care about 77.6 78.4 81.3 67.4 
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depression during/ after pregnane/(%) 
Infant characteristics 
Infant had birth defect (%) 
Gestational Age < 37 weeks(%) 
Birthweight < 2500g (%) 
NICU stay(%) 
Infant length of stay > 6 days(%), 
Infant age at time of PRAMS (days), 
mean (SE) 
4.3 
6.0 
5.9 
10.1 
6.5 
105.1 
(0 .82) 
aPopu1ation-based frequencies were weighted by race/ethnicity. 
10.0 
8.8 
10.0 
12.3 
8.5 
113.1 
(1.19) 
7.4 
6.3 
7.8 
8.6 
6.8 
112.1 
(1.02) 
6.5 
6.4 
7.1 
11.1 
6.2 
110.1 
(1.04) 
bMothers of other ethnicities are not presented separately due to small numbers, n= 16 PDS, and 
n=74 no PDS. 
cNot Reportable. Calculations based on fewer than 11 events are suppressed to maintain the 
privacy of data subjects per request from the Massachusetts Department ofPub1ic Health Privacy 
and Data Access Office. 
dlncludes Medicaid, Commonwealth Care, Free-Care or WIC use during prenatal care or delivery. 
eQuestion in MA-PRAMS 2009 survey, total N= 1,024. 
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Table 4.3 Frequencies of individual postpartum depressive symptoms, by race/ ethnicity 
and MA-PRAMS Phase a 
White Black Hispanic Asian 
Phase 5 (2007-08) 
Felt sad, depressed, hopeless(%) · 
Always n/rc n/rc 4.6 n/{ 
Often 3.9 7.3 7.7 8.0 
Sometimes 22.4 29.2 27.8 26.8 
Rarely 47.1 28.6 29.8 30.1 
Never 32.6 30.1 34.6 
PDS using only sad, depressed, 1.7 5.8 6.6 4.1 hopeless(%) 
Anhedonia(%) 
Always 1.9 6.7 4.6 8.6 
Often 4.0 7.0 6.9 11.2 
Sometimes 16.3 25.7 23 .5 26.2 
Rarely 40.6 28.8 31.1 30.8 
Never 37.2 31.8 33.9 23 .2 
PDS using only anhedonia(%) 2.9 9.7 5.7 15.8 
Phase 6 (2009) 
Sad(%) 
Always n/rc n/rc nlrc n/rc 
Often n/rc n/rc n/rc n/rc 
Sometimes 29.5 28.6 27.3 27.1 
Rarely 35.5 19.8 23.6 33.2 
Never 28.8 39.9 35.5 35.3 
Hopelessness (%) 
Always n/rc n/{ n/rc n/rc 
Often n/{ n/{ n/rc n/rc 
Sometimes 8.1 14.5 13.0 7.0 
Rarely 16.8 12.0 16.7 19.2 
Never 72.6 66.8 65.3 71.9 
Slowed Down(%) 
Always 2.6 n/rc n/rc n/rc 
Often 12.8 9.0 12.3 8.0 
Sometimes 35.6 30.5 26.8 33.2 
Rarely 23 .7 16.8 15.2 24.3 
Never 25.4 38.9 43 .2 33.3 
Depressed symptoms Phase 5 (%) 7.5 19.1 17.5 23 .7 
Depressed symptoms Phase 6 (%) 8.9 15.1 13 .9 7.1 
Depressed symptoms 5 & 6 (%) 8.0 17.8 16.4 18.4 
Depressed using only sad and 
n/rc n/rc 5.1 n/rc hopelessness (%) 
Depressed only as sum of [sad & 
n/{ n/rc nlrc nlrc hopelessness] <=3 (%) 
Depressed as both sum & (sad or 4.5 9.8 8.8 n/rc 
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hopelessness>=4) (%) 
PDS & HIH in Phase 5 
PDS & HIH in Phases 5 
&6 
Sad, depressed, slowed 
down & HIH in Phase 5 
Anhedonia & HIH in 
Phase 5 
multivariable RRb (95% CI) 
1.00 (0.72- 1.38) 0.94 (0.73-1.21) 1.33 (1.11- 1.59) 0.72 (0.50-1.03) 
1.11 (0.87-1.43) 1.02 (0.82-1.26) 1.21 (1.03-1.42) 0.77 (0.56-1.07) 
0.77 (0.34- 1.77) 0.71 (0.42-1.19) 1.35 (1.03-1.76) 1.18 (0.63-2.20) 
0.82 (0.46-1.48) 0.83 (0.56-1.24) 1.22 (0.88-1.70) 0.68 (0.44-1.06) 
aPopulation-based frequencies were weighted by race/ethnicity. 
b Adjusted for maternal age, education, government paid healthcare/WIC and intimate pattner 
violence (IPV). 
<Not Reportable. Calculations based on fewer than 11 events are suppressed to maintain the 
privacy of data subjects per request from the Massachusetts Department of Public Health Privacy 
and Data Access Office. 
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Table 4.4 Frequency ofHIH by reason and PDS status among mothers who used HIH 
(n=l,330)3 
Among Among 
ICD-9-CM code Description mothers mothers 
with PDS with no 
PDS 
ANY Injury/Trauma: Trauma, Injury, poisoning, other consequences 25.2% 33.2% 
of external causes, % (n=55) (n=344) 
800.xx-848.xx Fractures (including skull), sprains and Strains(%) n/r6 3.1 
850.xx-854.xx Intracranial injury, excluding skull fracture(%) n/rb nlrb 
860.xx-869 .xx Internal injury of chest, abdomen and pelvis(%) n/rb nlrb 
870.xx-904.xx Open wounds and injury to blood vessels(%) n/rb 8.1 
905.xx-909.xx Late effects of injuries, poisonings, toxic effects and n/rb nlrb 
other external causes (%) 
910.xx-929.xx Superficial injury, contusions with intact skin, nlrb 6.7 
crushing injury(%) 
930.xx-939.xx Foreign body(%) n/rb nlrb 
940.xx-949 .xx Bums(%) n/rb 1.0 
950.xx-957.xx Injury to nerves & spinal cord n/rb nlrb 
958.xx-959.xx Traumatic complications & u,nspecified injuries(%) n/rb 5.9 
E850.xx-E869.xx Poisoning of & toxic effects by drugs, medicinals & n/rb 1.6 
and 960.xx-989.xx biological substances(%) 
990.xx-995.xx Other external causes as ICDs (%) n/rb 1.4 
EOOI.xx-E030.xx Activities(%) nlrb n/rb 
E81 O.xx-E849.xx Vehicle accidents, including auto & water/boat(%) n/rb 1.6 
E900.xx Excessive heat(%) n/rb nlrb 
E901.xx Excessive cold (%) n/rb n/rb 
E904.xx Neglect(%) nlrb n/rb 
E905 .xx-E906.xx Venomous animals & poisonous plants(%) n/rb 3.1 
E880.xx-E888.xx Falls(%) 8.8 16.3 
E910.xx-E915.xx Submersion, suffocation & foreign Bodies(%) 2.0 1.0 
E960.xx-E969.xx Assaults(%) nlrb 
E980.xx-E989.xx External events of undetennined intent (%) n/rb 
Any Organic Illness: All other HIH, % 82.3% 73.8% (n= l77) (n=852) 
00l.xx-139.xx Infectious and parasitic diseaseS(%) 14.7 10.6 
140.xx-239.xx Neoplasms(%) n/rb n/rb 
240.xx-279.xx Endocrine, nutritional and metabolic diseases & 8.3 5.7 
Immunity disorders(%) . 
280.xx-289 .xx Blood disorders(%) n/rb 1.9 
320.xx-3 89 .xx Nervous system and sensory organs(%) 16.8 13.6 
372.xx-373 .xx conjunctivitis (%) n/rb n/rb 
380.xx otitis(%) 11.5 12.5 
120 
390.xx-459.xx Circulatory disorders(%) 
460.xx-519.xx Respiratory disorders(%) 
480.xx Pneumonia and influenza(%) 
490.xx bronchitis and asthma(%) 
493.xx acute asthma(%) 
520.xx-579.xx Digestive disorders(%) 
580.xx-629.xx Genitourinary disorders(%) 
680.xx-709.xx Skin disorders(%) 
7I O.xx-739 .xx Musculoskeletal system disorders (%) 
740.xx-759.xx Congenital anomalies(%) 
760.xx-779.xx Conditions origi11ating in pregnancy(%) 
780.xx-799.xx Other symptoms and signs(%) 
8Population-based frequencies were weighted by race/ethnicity. 
n/rb 
28.2 
5.2 
5.3 
4.5 
9.7 
nlrb 
7.8 
nlrb 
n/rb 
n/rb 
42 .0 
nlrb 
27 .5 
4 .9 
4.4 
3.3 
6.7 
2.1 
7.3 
2.0 
1.5 
n/rb 
39.3 
~ot Reportable. Calculations based on fewer than II events are suppressed to maintain the 
privacy of data subjects per request from the Massachusetts Department of Public Health Privacy 
and Data Access Office. 
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Table 4.5 HIH among mothers by race I ethnicity and PDS statusa 
All Mothers White, non-Hispanic Black, non-Hispanic Hispanic 
PDS noPDS PDS noPDS PDS noPDS PDS noPDS 
{N=479) (N=2,866) (N=91) (N=1,003) (N=l13) (N=540) '(N=123) (N=638) 
Any HIH (%)b 
Any visit 46.5 37.7 46.0 35.8 48.6 45 .0 63.4 49.5 
1 visit 22.4 19.6 25.1 19.5 18.1 18.0 25.8 20.9 
2 or more visits 24.1 18.9 20.9 16.3 30.5 27.0 37.6 28.6 
Injury/ Trauma 20.0 19.0 19.5 18.9 17.1 21.5 31.9 22.9 
Illness 43.0 33.9 40.1 31.5 49.5 42.9 62.0 47.6 
Emergency Dept. (%)b 
Any visit 44.6 36.7 43.7 34.8 46.7 44.1 62.1 48 .6 
1 visit 23.7 19.8 27.1 19.7 19.8 19.1 26.6 21.8 
2 or more visits 20.9 16.9 34.4 15.1 26.9 25.1 35.5 26.8 
Injury/ Trauma 20.7 20.2 19.9 20.4 17.7 22.4 34.4 24.1 
lllness 40.6 32.2 37.3 29.9 48.0 41.1 59.8 46.5 
Obs. Stay (%)b 
Any visit 6.9 3.3 n/rc 3.1 n/rc 3.9 n/rc 5.4 
I visit 6.9 2.9 n/rc . 2.6 n/rc n/rc n/rc 5.4 
2 or more visits n/rc n/rc n/rc n/rc n/rc n/rc n/rc n/rc 
Injury/ Trauma n/rc n/rc n/rc n/rc n/rc n/rc n/rc n/rc 
lllness 6.7 3.1 6.7 3.1 n/rc 3.7 n/rc 4.0 
Hospitalization (%)b 
Any visit 12.6 5.9 n/rc 4.8 n/rc 11.0 23.9 10.3 
I visit I 1.1 4.9 n/rc 3.9 8.1 8.1 16.9 8.9 
2 or more visits n/rc 1.0 n/rc n/rc n/rc n/rc n/rc n/rc 
Injury/ Trauma n/ rc 1.3 n/rc n/rc n/ rc n/rc n/rc n/rc 
rJiness 14.6 7.1 n/rc 5.8 n/rc 12.8 30.9 12.8 
aMothers of other ethnicities are not presented separately due to small numbers, n= 16 PDS, and n=74 no PDS. 
bPopulation-based frequencies were weighted by race/ethnicity. 
Asian 
PDS noPDS 
(N=l36) (N=606) 
24.5 30.9 
14.2 19.0 
10.3 11.9 
11.0 13.2 
22.6 26.3 
23 .2 29.1 
13.3 18.5 
9.8 10.6 
10.8 12.6 
20.4 23.6 
n/rc 2.7 
n/rc 2.7 
n/rc n/rc 
n/rc n/rc 
n/rc n/rc 
n/rc 7.0 
n/rc 6.6 
n/rc n/rc 
n/rc n/rc 
n/rc 7.3 
cNotReportable. Calculations based on fewer than II events are suppressed to maintain the privacy of data subjects per request from the 
Massachusetts Department of Public Health Privacy and Data Access Office. 
Table 4.6 PDS and the risk of Hm among 2007-2009 MA-PRAMS mothers (n=3,345) 
Nwith HIH 
unadjusted RR multivariable N outcome RRb 
(%, weighted)8 (95% CI) (95% CI) 
Any HIH 
NoPDS 2,866 1,119 (37.7%) 1.00 (reference) 1.00 (reference) 
PDS 479 211 (46.5%) 1.13 (1.01-1.26) 1.05 (0.94-1.17) 
Emergency Dept. 
NoPDS 2,814 1,067 (36.7%) 1.00 (reference) 1.00 (reference) 
PDS 465 197 (44.6%) 1.12 (1.00-1.26) 1.03 (0.92-1 .15) 
........ Observational Stay N 
w NoPDS 1,809 62 (3.3%) 1.00 (reference) 1.00 (reference) 
PDS 286 18 (6.9%) 1.84 (1.10-3.06) 1.70 (1.01-2.86) 
Hospitalization 
NoPDS 1,886 139 (5.9%) 1.00 (reference) 1.00 (reference) 
PDS 299 31 (12.7%) 1.41 (0.97-2.04) 1.26 (0.87-1.84) 
aPopulation-based frequencies were weighted by race/ethnicity. 
bAdjusted for maternal age, education, government paid healthcare/WIC, race/ethnicity and IPV. 
Table 4.7 PDS and the risk ofHIH among 2007-2009 MA-PRAMS mothers (n=2,383), omitting 
mothers who responded 'sometimes' to PDS questions. 
Nwith HIH 
unadjusted RR multivariable N outcome RRb 
(%, weighted)a (95% CI) (95% CI) 
AnyiDH 
NoPDS 1,883 688 (35.5%) 1.00 (reference) 1.00 (reference) 
PDS 479 211 (46.5%) 1.21 (1.07-1.36) 1.10 (0.98-1.23) 
Emergency Dept. 
NoPDS 1,854 659 (34.3%) 1.00 (reference) 1.00 (reference) 
PDS 465 197 (44.6%) 1.19 (1.06-1.35) 1.08 (0.95-1.22) 
....... 
N 
+:>. Observational Stay 
NoPDS 1,234 39 (3 .0%) 1.00 (reference) 1.00 (reference) 
PDS 286 18 (6.9%) 1.99 (1.16-3.43) 1.78 (1.01-3.13) 
Hospitalization 
NoPDS 1,278 83 (5.0%) 1.00 (reference) 1. 00 (reference) 
PDS 299 31 (12.6%) 1.60 (1.08-2.37) 1.40 (0.93-2.12) 
aPopulation-based frequencies were weighted by race/ethnicity. 
b Adjusted for maternal age, education, government paid healthcare/WIC, race/ethnicity and IPV. 
Table 4.8 PDS and the risk of HTH among 2007-2009 MA-PRAMS, by race/ethnicity3 
White, non-Hispanic Black, non-Hispanic Hispanic Asian 
(%) multivariable (%) multivariable (%) multivariable (%) multivariable 
n n n 
HIHb HIHb 
n 
HIHb HIHb RRC (95% CI) RRC(95% CI) RRC(95% CI) RRC(95% CI) 
NoPDS 1,003 35.8 1.00 (reference) 540 45.0 1.00 (reference) 638 49.5 1.00 (reference) 606 30.9 1.00 (reference) 
PDS 91 46.0 1.11 (0.87-1.43) d 113 48.6 1.02 (0.82-1.26t 123 63.4 1.21 ( 1.03-1.42) f 136 24.5 0.77 (0.56-1.07 )g 
PDS-help 30 50.9 1.33 (0.95-1.87) 30 48.6 1.04 (0.71-1.54) 42 53.7 1.03 (0.78-1.37) 20 n/rh 0.64 (0.26-1 .56) 
DS-no help 61 43.2 1.01 (0.73-1.41) 83 48.5 1.01 (0.79-1.28) 
;:::; 
3N=3 ,340. Five mothers missing race/ ethnicity data were excluded. 
Vl 
bPopulation-based frequencies were weighted by race/ethnicity. 
cAdjusted for maternal age, education, government paid healthcare/WIC and IPV. 
81 68.4 1.31 (1.01-1.56) 116 25.4 0.79 (0.56-1.11) 
ctRR for the association ofPDS with HIH is statistically different from that among Hispanic (p=0.0029) and Asian mothers (p=0.0023). 
eRR for the association ofPDS with HIH is statistically different from that among Asian mothers (p=0.0002). 
1RR for the association of PDS with HIH is statistically different from that among White non-Hispanic (p=O.O 1 03), Black non-Hispanic 
(p=0.0388) and Asian mothers (p<O.OOOl). 
gRR for the association ofPDS with HIH is statistically different from that among White non-Hispanic (p=0.0073), Black non-Hispanic 
(p=0.0004) and Hispanic mothers (p<O.OOO I). 
hNot Reportable. Calculations based on fewer than II events are suppressed to maintain the privacy of data subjects per request from the 
Massachusetts Department of Public Health Privacy and Data Access Office. 
Table 4.9 PDS and the risk of HIH among 2007-2009 MA-PRAMS, by race/ethnicity,8 omitting mothers who responded 'sometimes' to 
PDS questions 
White, non-Hispanic Black, non-Hispanic Hispanic Asian 
(%) multivariable (%) multivariable (%) multivariable (%) multivariable 
n 
HIHb 
n 
HIHb 
n 
HIHb 
n 
HIHb RRC (95% CI) RRC (95% CI) RRC(95% Cl) RRC (95% CI) 
NoPDS 714 33.6 1.00 (reference) 338 41.8 1.00 (reference) 402 46.4 1.00 (reference) 384 29.1 1.00 (reference) 
PDS 91 46.0 1.14 (0.88-1.48) d 113 48.6 1.09 (0.87-1.37}" 123 63.4 1.20 (1.08-1.54) f 136 24.5 0.80 (0.56-1.13)g 
PDS & help 30 50.9 1.35 (0.96-1.92) 30 48.6 l.11 (0.75-1.66) 42 53.7 l.13 (0.84-1.52) 20 n/rh 0.62 (0.25-1.50) 
PDS no help 61 43.2 1.04 (0.74-1.45) 83 48.5 1.08 (0.84-1.40) 81 68.4 1.42 (1.18-1.71) 116 25.4 0.83 (0.57-1.19) 
t::; 8N=2,362. Three mothers missing race/ ethnicity data were excluded. 
0\ 
bPopulation-based frequencies were weighted by race/ethnicity. 
cAdjusted for maternal age, education and government paid healthcare/WIC and IPV. 
dRR for the association ofPDS with HIH is statistically different from that among Hispanic (p=0.0029) and Asian mothers (p=0.0023). 
eRR for the association of PDS with HIH is statistically different from that among Asian mothers (p=0.0002). 
tRR for the association of PDS with HIH is statistically different fi·om that among White non-Hispanic (p=O.O 1 03), Black non-Hispanic 
(p=0.0388) and Asian mothers (p<O.OOO I). 
gRR for the association of PDS with HIH is statistically different from that among White non-Hispanic (p=0.0073), Black non-Hispanic 
(p=0.0004) and Hispanic mothers (p<0.0001). 
11Not Reportable. Calculations based on fewer than 11 events are suppressed to maintain the privacy of data subjects per request from the 
Massachusetts Department of Public Health Privacy and Data Access Office. 
....... 
N 
......:) 
Table 4.10 PDS and the risk of IDH among 2009 MA-PRAMS mothers, with adjustment for 
prior mental health visit (n=l,024) 
N 
NoPDS 913 
PDS 111 
NoPDS 900 
PDS 105 
NoPDS 601 
PDS 62 
NoPDS 609 
PDS 65 
%with 
outcome 
(weighted)8 
multivariable RRb 
(95% CI) 
AnyHIH 
33.8% 
53.1 % 
1.00 (reference) 
1.19 (0.95-1.46) 
Emergency Dept. 
32.9% 1.00 (reference) 
49.7% 1.13 (0.90-1.42) 
Observational Stay 
2. 7% 1.00 (reference) 
n/rd 
Hospitalization 
4.2% 1.00 (reference) 
n/rd 1.62 (0.74-3.55) 
3Popu1ation-based frequencies were weighted by race/ethnicity. 
multivariable RRc 
(95% CI) 
1.00 (reference) 
1.15 (0 .93-1.43) 
1.00 (reference) 
1.10 (0.88-1.39) 
1.00 (reference) 
1.00 (reference) 
] .80 (0.80-4.04) 
b Adjusted for maternal age, education, government paid health care/ WIC, race/ethnicity and IPV. 
cFurther adjusted for pre-pregnancy mental health visit. 
dNot Reportable. Calculations based on fewer than 11 events are suppressed to maintain the privacy of data 
subjects per request from the Massachusetts Department of Public Health Privacy and Data Access Office. 
---Models unstable due to small counts. 
...... 
N 
00 
Table 4.11 PDS and the risk of HIH, by type, among 2007-2009 MA-PRAMS 
Multivariable RR Multivariable RR 
n (%, weightedt 
for Injury/ Trauma 
n (% weightedt 
for Illness 
Injury/ Trauma Illness 
(95% CI)b,c (95% CI)b,d 
NoPDS 386 (14.2%) 1.00 (reference) 931 (30.5%) 1.00 (reference) 
PDS 63 (13.1%) 1.04 (0.82-1.31) 187 (39.4%) 1.07 (0.95-1.20) 
3 Population-based frequencies were weighted by race/ethnicity. 
b Adjusted for maternal age, education, government paid healthcare/ WIC, race/ ethnicity and IPV. 
ciCD codes: 800.xx-999.xx, EOOO.x-E999.x. 
diCD codes: 00l.xx-799.xx, V01-V91. 
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5. CONCLUSION 
The birth of a baby is a demanding, yet happy, time for most mothers as they 
adapt to their new or expanding role. For mothers with postpartum depressive .symptoms 
(PDS), what should be ajoyous time becomes one of sadness and hopelessness. In turn, 
these feelings can impair mother-infant bonding and threaten the cognitive and social 
development of the infant. 1 Children who grow up in a home with a depressive parent 
are also at a greater risk of developing depressive syn1ptoms in what could become a 
cycle of depression in the family. 2 The most consistently identified positive risk factor for 
PDS is mother' s history of a depressive episode. Yet, many mothers who develop PDS 
do not have a psychiatric diagnosis. 3' 4 We set out to examine specific risk factors for 
PDS and for the effects ofPDS on mothers' use of hospital-based infant healthcare 
(HIH). Many women with mood disorders, particularly non-psychotic conditions, fail to 
seek treatment or even recognize and report their symptoms, despite the serious 
consequences of PDS, and the availability of effective treatments. 5' 6 In all three studies, 
stratification on mother' s report of a prior mental health visit for depression or anxiety 
did not appreciably change our fmdings. We were therefore interested to learn if any of 
our examined risk factors was associated with a mother seeking help for PDS, and if 
seeking help modified her use of Hili. 
All three studies used data from the Massachusetts Pregnancy Risk Assessment 
Monitoring System (MA-PRAMS). This population-based study allowed us to obtain 
prevalence estimates that are applicable statewide. Our first study looked at groupings of 
12 common life stressors as risk factors for PDS. We found that Partner-related stressors 
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showed the strongest association with PDS, but also showed the weakest association 
between mothers with PDS and seeking help. Thus, the mothers who are most likely to 
report PDS are also the least likely to seek help. 
Our second study looked at report of successful infertility treatment (IFT) and 
PDS in MA-PRAMS. We found that mothers of multiples who used IFT showed reduced 
risk in developing PDS, compared with mothers of twins who did not use IFT. 
Massachusetts is an ideal place to study the use of IFT because since 2006 the state has 
required everyone to have health insurance, either through private plans or through state-
sponsored programs. Private health insurance plans in Massachusetts are also required to 
provide IFT and mental health services to the same extent that they provide other forms 
of medical care. This increases the number of women who can afford otherwise very 
costly IFT and can reduce bias in examining associations between IFT and health 
outcomes. However, state-sponsored health insurance plans, including Medicaid, do not 
cover IFT, although they do cover mental health services. The significant fmancial 
burden of IFT likely prevents some women from obtaining help to become pregnant. 
In our third study, we looked at PDS as a risk factor for mother's use of hospital-
based infant healthcare in the 24 months after giving birth. As mothers were sent the 
PRAMS survey no earlier than two months after her infant's birth, we were able to 
control for confounding by infant's natal health by restricting our analysis to mothers 
who had completed the PRAMS survey before ever using HIH, excluding mothers whose 
infant had a serious enough natal or early infancy health problem that would have 
required HIH within the first two months. This effectively eliminated mothers whose 
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infant's poor neonatal health may have contributed to her PDS. Overall, there was little 
evidence of an association between PDS and HIH. However, we observed significant 
differences across race/ ethnicity groups. Among White non-Hispanic and Hispanic 
mothers, PDS was associated with a small increase in HIH, while among Asian mothers, 
PDS was associated with a decrease in HIH. No appreciable association was found 
among Black non-Hispanic mothers. We found no evidence of an association between 
PDS and HIH for injury/ trauma or illness, but we were limited by small numbers for 
specific ICD-9 codes. We also noted the differential reporting to the anhedonia 
component of PDS among Asian women, for whom the high prevalence of reporting 
anhedonia does not appear to equate with the other symptoms of sadness, or 
hopelessness. While other recent studies have begun to examine mother's mood and her 
subsequent use ofhospital based infant healthcare for her children, we believe that ours is 
one of the first to look at population-based data by race/ ethnicity, thus adding to the 
literature on the effect ofPDS.7-9 
Data from PRAMS are self-reported and our studies used data from PRAMS for 
both the stressors and IFT exposures and the PDS outcome, making the study more 
vulnerable to dependent misclassification. However, PDS is in itself a subjective 
experience, and thus it is unlikely that a mother would report having depressive 
symptoms if she were not having them. We compared mother' s response to fertility 
treatment questions on PRAMS with the infant's birth certificate and found that the 
lowest accuracy was for mothers of multiples, for both lUI/ART and FD. In 2011 , 
Massachusetts adopted a revised birth certificate. Subsequent studies can investigate if 
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the change to the newer birth certificate provides greater accord with PRAMS data. 
Our PRAMS-derived exposures also gave no information on the duration of 
exposures. We did not know for how long a woman used IFT, prior attempts that ended 
in miscarriage, the details of the specific condition underlying the infertility or whether a 
prior birth was the result of IFT. We also did not know for how long a mother had 
experienced any of the life stressors, or the severity of the exposure. In several instances 
our observed prevalence ratios had confidence intervals that included the null, but were 
nonetheless narrow. In some strata of specific IFT categories and mode of delivery and 
plurality, we were limited in our power to detect modest associations by low counts. In 
all three studies, data on intimate partner violence (IPV), which is considered highly 
under-reported and is strongly related to some of the life stressors ascertained in PRAMS 
and to PDS,10- 12 were missing for the majority of mothers. Furthermore, unmeasured or 
mismeasured confounders may have affected our fmdi.J).gs. All three studies relied on 
mothers participating in PRAMS, which has a 65-70% yearly weighted participation rate. 
It is possible that mothers who participated are different from mothers who did not 
participate. While we were able to control for many confounders, it is possible that our 
results were affected by residual confounding or by unidentified confounders. 
From a public health perspective, PDS is a serious and prevalent problem that has 
long-term consequences for both mothers and their families. Our studies add to the 
growing body of literature on risk factors for PDS and on understanding the effect that 
PDS has on mothers' behaviors. All three studies reaffirm the need for frequent 
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screening of mothers for identification of PDS and intervention to help mothers achieve 
optimal mental health and enjoy their infants. 
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6. APPENDICES 
6.1 STRESSFUL LIFE EVENTS AND POSTPARTUM DEPRESIVE SYMPTOMS 
6.1.1 DSM-IV-TR criteria for major depressive episodes: 
Five or more of the following symptoms have been present during the same two-week 
period and represent a change from previous functioning; at least one of the symptoms is 
either (1) depressed mood or (2) loss of interest or pleasure: 
(1) Depressed mood most of the day, nearly every day as indicated by either 
subjective report or observation made by others; 
(2) Markedly diminished interest or pleasure in all, or almost all activities most of 
the day, nearly every day; 
(3) Significant weight loss or weight gain, or decrease or increase in appetite 
nearly every day; 
( 4) Insomnia or hypersomnia nearly every day; 
(5) Psychomotor agitation or retardation nearly every day (observable by others); 
(6) Fatigue or loss of energy nearly every day; · 
(7) Feelings of worthlessness or excessive or inappropriate guild nearly every 
day; 
(8) Diminished ability to think or concentrate, or indecisiveness, nearly every 
day; and 
(9) Recurrent thoughts of death, recunent suicidal ideation, or suicide attempt. 102 
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6.1.2 Patient Health Questionnaire 2 (PHQ-2) 
...... Over the last 2 weeks, how often have you been More than Nearly every ~ 
Vt 
bothered by any of the following problems? Not at all Several days half the days day 
(a) Little interest or pleasure in doing things D D D D 
(b) Feeling down, depressed, or hopeless D D D D 
6.1.3 Characteristics of mothers and their infants by exclusion status 
Characteristics of mothers and their infants by exclusion status 
Maternal Characteristics Excludeda,b N=504 lncluded3 N=5,395 
Maternal Age (years), mean (SE) 
Maternal Age (years), (%) 
< 20 
20-24 
25-29 
30-34 
~ 35 
Maternal Education(%) 
< High school diploma 
High school diploma 
Some college 
Completed college 
Family Income(%) 
< $15,000 
$15 ,000-$24,999 
$25,000-$49,999 
~ $50,000 
Maternal race (%) 
White non-Hispanic 
Black non-Hispanic 
Hispanic 
Asian 
Other 
Married (% ), no 
Smoking in pregnancy(%) 
Pregnancy Intention (%) 
Then or sooner 
Later 
Did not want pregnancy 
Gov ' t paid pregnancy/delivery or WIC usee (%) 
Language, Spanish (%) 
Household income < federal poverty level (%) 
Parity(%) 
1st born 
2nd 
3rd or higher 
Pre-pregnancy BMI (%) 
Underweight ( < 18.5) 
Normal (18.5-24.9) 
Overweight (25 .0-29.9) 
Obese(~ 30.0) 
No prenatal care in first trimester(%) 
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29.0 (0.36) 
6.5 
19.0 
28.5 
25.8 
20.2 
20 .9e 
40.1 e 
16.9 
22.1 e 
36.2e 
16S 
20.2e 
27.1 e 
38 .0e 
17.7e 
29.9e 
11.9e 
2.4e 
44.7e 
4.6 
62.8 
27.9 
9.3 
73.6e 
25.2e 
24.1 
42.0 
32.2 
25.8 
4.7 
54.0 
24.1 
17.1 
17S 
29.4 (0.11) 
6.1 
16.7 
25.0 
31.2 
21.0 
9.6e 
25.8e 
18.9e 
45.7e 
20.8e 
8.9e 
16.6e 
53 .7e 
69.2e 
8.1 e 
13.7e 
7.8e 
1.2e 
34.8e 
7.1 
67 .9 
25 .6 
6.4 
45 .1 e 
6.9e 
20.6 
49 .5 
32.4 
18.1 
4.1 
56.6 
22.0 
17.2 
1 0.7e 
Cesarean delivery (%) 
Intimate Partner Violence (%) 
Depression/ anxiety visit before pregnancl (%) 
HCW talked with mother during prenatal care for 
depression during/after pregnancl (%) 
Infant characteristics 
Infant had birth defect (%) 
Gestational Age < 3 7 weeks (%) 
Birthweight < 2500g (%) 
NICU stay (%) 
Infant length of stay > 6 days (%) 
Infant age at time of PRAMS (days) 
34.2 
n/rf 
15.6 
82.9 
9.2e 
7.4 
9.6 
13.1 
5.6 
123.8 (2.4) 
aPopulation-based frequencies were weighted by race/ethnicity. 
32.1 
1.2 
14.5 
77.9 
6.0e 
6.8 
6.9 
12.1 
8.2 
105.0 (0.8) 
bExclusions= Mothers missing PDS information (n=178), or baby died before completing 
PRAMS (n=30), or used HIH before PRAMS (n=889). 
clncludes Medicaid, Commonwealth Care, Free-Care or WIC use during prenatal care or 
delivery. 
dQuestion in MA-PRAMS 2009 survey, total N=2,902 n=2,631 included, n=27I excluded. 
eDifferences in frequencies by exclusion status p-value <0.05. . 
rNotReportable. Calculations based on fewer than II events are suppressed to maintain the 
privacy of data subjects per request from the Massachusetts Department of Public Health 
Privacy and Data Access Office. 
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6.1. 4 Frequency of individual postpartum depressive symptoms 
Frequency of individual postpartum depressive symptoms 
Always Often Sometimes Rarely Never 
Phase 5 (2007-08) 
Felt sad, depressed, hopeless (% l 1.6 6.0 23.4 39.9 28.2 
Anhedonia (% t 3.2 5.9 19.2 36.1 35.5 
,__. Phase 6 (2009) 
.j:::. 
00 
Sad (%l 1.3 7.9 28.8 31.0 31.0 
Hopelessness (% l 0.9 2.9 10.2 16.8 69.2 
Slowed Down (% t 2.7 13.5 32.6 22.7 28.5 
a Population-based frequencies were weighted by race/ethnicity. 
6.2 INFERTILITY TREATMENT AND POSTPARTUM DEPRESSIVE 
SYMPTOMS 
6.2.1 Characteristics of mothers and their infants by exclusion status 
Characteristics of mothers and their infants by exclusion status 
Excludeda,b lncluded3 
Maternal Characteristics 
N=504 N=5,395 
Maternal Age (years), mean (SE) 2~.6 (0.18) 30.8 (0.12) 
Maternal Age (years), (%) 37.3 9.5 
< 25 21.1 29.2 
25-29 20.7 36.1 
30-34 12.9 25 .2 
:::: 35 
Maternal Education (%) 
< High school diploma 17.7 6.4 
High school diploma 36.5 21.6 
Some college 22.6 16.8 
Completed college 23.3 55.2 
Family Income(%) 
< $15,000 36.5 14.1 
$15,000-$24,999 13 .7 7.0 
$25,000-$49,999 21.7 14.3 
:::: $50,000 28.1 64.5 
Maternal race (%) 
White non-Hispanic 56.5 73 .0 
Black non-Hispanic 13.3 6.2 
Hispanic 21.4 11.2 
Asian and Other, non-Hispanic 8.8 9.5 
Married (% ), no 60.0 22.7 
Smoking in pregnancy (%) 11.0 4.8 
Gov 't pd. Pregnancy care/ WICC (%) 69.5 34.9 
Family income < federal poverty line(%) 33.0 14.4 
Diabetes (%) 9.7 9.3 
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Parity(%) 
1'1 born 
2nd 
3rd or higher 
Pre-pregnancy BMi (%) 
Underweight(< 18.5) 
Normal ( 18.5-24.9) 
Overweight (25 .0-29.9) 
Obese (2: 30.0) 
No prenatal care in first trimester(%) 
Cesarean delivery(%) 
Intimate Partner Violence(%) 
Depression/ anxiety visit before pregnancl (%) 
HCW talked during prenatal care about depress ion 
during/after pregnancl (%) 
Infant characteristics 
Plurality 
Single 
Multiple 
Infant had birth defect (%) 
Gestational age < 3 7 weeks (%) 
Low birth weight < 2500g (%) 
NICU stay(%) 
Infant length of stay > 6 days(%) 
49.5 
26.1 
24.4 
5.2 
53.3 
22.0 
19.5 
18.2 
29.2 
2.1 
18.0 
80.0 
98.5 
1.5 
8.3 
7.7 
8.2 
13 .8 
9.3 
aPopu lation-based freq uencies were weighted by race/ethnicity. 
48.9 
35.7 
15.4 
3.6 
58.0 
22.2 
16.2 
7.1 
33.7 
0.8 
12.8 
77.3 
97.3 
2.6 
5.1 
6.4 
6.5 
11.3 
7.5 
bExclusions= Mothers missing PDS information (n=178), or baby died before completing 
PRAMS (n=30), or used HIH before PRAMS (n=889). 
clncludes Medicaid, Commonwealth Care, Free-Care or WIC use during prenatal care or 
delivery. 
dQuestion in MA-PRAMS 2009 survey, total N=2,902 n=1,740 included, n=1 ,129 
excluded, 33 missing. 
"Differences in frequencies by exclusion status p-value <0.05 . 
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...... 
v. 
...... 
6.2.2 1FT and the risk ofPDS among 2007-2010 MA -PRAMS mothers, by p lurality 
1FT a nd the riskof PDS among 2007-2010 MA-PRAMS mothers, by plurality 
%within 1FT 
category3 
No 1FT (N=3,217) 88.6 
Any IFT (N=372) 11.4 
FD 5.9 
DI/IUI 2.5 
ART 4.8 
Mothers with singleton births 
(N=3,512) 
No iFT 90.0 
Any IFT 10.0 
FD 5.2 
DI/IUI 2.0 
ART 3.8 
Mothers with multip le births (N=88) 
No 1FT 37.6 
Any IFT 62.4 
FD 31.2 
DI/IUI 21.8 
ART 38.6 
3Population-based frequencies were weighted by race/ethnicity. 
b Adjusted for maternal age. 
% within 1FT category 
who reported PDSa 
9.3 
11.4 
14.8 
14.7 
10.0 
9.1 
12.3 
15.8 
15.6 
11.7 
n/rd 
n/rct 
n/rd 
n/rd 
n/rct 
cAdjusted for presence of other IFT treatment groups and maternal age. 
unadjusted PR adjusted PR 
(95% Cl) (95% Cl) 
1.00 (reference) 1.00 (reference) 
1.11 (0.84-1.46) 1.22 (0.92-1.6 l )b 
1.21 (0.92-1.61) 1.22 (0 .76-1.98t 
1.34 (0.81-2.22) 1.25 (0.66-2.3 5t 
0.98 (0 .62-1.55) 1.00 (0.6 J-1.63)c 
1.00 (reference) 1.00 (reference) 
1.16 (0.86-1.54) 1.26 (0.94-1.69)b 
1.27 (0.87 -1.86) 1.25 (0.74-2.1 ot 
1.50 (0.87 -2.59) 1.38 (0.67-2.82t 
1.00 (0.60-1.68) 0.99 (0.57-1.72t 
1.00 (reference) 1.00 (reference) 
0.40 (0.16-0.99) 0.51 (0.21 -1.27)b 
0.55 (0.17-1.77) 0.91 (0.27-3.04t 
0.52 (0 .1 3-2.09) 0. 70 (0.19-2.66t 
0.53 (0.19-1.51) 0.7 1 (0.23-2.30t 
dNot Reportable. Calculations based on fewer than 11 events are suppressed to maintain the privacy of data subj ects per request from 
the Massachusetts Department of Pub lic Health Privacy and Data Access Office. 
6.2.3 1FT and the risk ofPDS among 2009-2010 MA-PRAMS mothers 
IFT and the risk ofPDS among 2009-2010 MA-PRAMS mothers 
o;0 a %PDS0 unadjusted PR multivariable PR (95% CI) (95% CI) 
Among all mothers (N=1,760) 
No 1FT 87.8 8.8 1.00 (reference) 1.00 (reference) 
AnylFT 12.2 15 .1 1.40 (0.95-2 .06) 1.59 (1.07-2.35)b 
FD 6.6 18.6 1.67 (1.04-2.68) 1.86 (1.16-2.99)b 
DI/IUI 2.8 n/rct 1.95 (1.03-3.69) 2.14 (1.12-4.10)b 
ART 5.4 nlrd 1.29 (0.71-2.33) 1.50 (0.82-2.74)b 
Among mothers with no prior mental health visit (N=1 ,540) 
...... No 1FT 88.2 6.6 1.00 (reference) 1.00 (reference) Vl 
N AnyiFT 11.6 15.0 I .66 (1 .07-2.57) 1.79 (1.15-2.78t 
FD 6.8 18.2 1.91 (1.12-3.25) 2.01 (1.18-3.43t 
DI/IUI 3.0 n/rct 2.45 (1.18-4.68) 2.43 (1.21-4.90t 
ART 4.8 n/rd 1.56 (0.80-3.05) 1.69 (0.86-3.34t 
Among mothers with prior mental health visit 
(N= 200) 
No 1FT 85.6 24.1 1.00 (reference) 1.00 (reference) 
AnylFT 14.4 n/rct 0.67 (0.27-1.69) 0.81 (0.32-2.03t 
FD nlrct n/rct 1.21 (0.46-3.23) 1.56 (0.55-4.43t 
DI/fU1 n/rct n/rct 2.02 (0.49-8.25) 4.20 (0.84-2l .05t 
ART 9.0 n/rct 0.32 (0.05-2.12) 0.45 (0.07-3.0l)c 
3Population-based frequencies were weighted by race/ethnicity. . 
b Adjusted for prior mental health visit, presence of other 1FT treatment groups and maternal age. 
cAdjusted for presence of other 1FT treatment groups and maternal age. 
ctNot Reportable. Calculations based on fewer than II events are suppressed to maintain the privacy of data subjects per request from the 
Massachusetts Department of Public Health Privacy and Data Access Office. 
6.3 POSTPARTUM DEPRESSIVE SYMPTOMS AND 
HOSPITAL-BASED INFANT HEALTHCARE UTILIZATION 
6.3. 1 Characteristics of mothers and their infants by exclusion status 
Characteristics of mothers and their infants by exclusion status• 
Included Excluded 
Maternal Characteristics 
N=3,327 N=1 ,058 
Maternal Age (years), mean (SE) 29.8 (0.13) 27.6 (0.27) 
Maternal Age (years), % 
< 20 4.8 12.0 
20-24 15.6 23.3 
25-29 25 .2 24.7 
30-34 32.2 23 .6 
2: 35 22.1 16.4 
Maternal Education(%) 
< High school diploma 8.9 16.8 
High school diploma 23.8 37.5 
Some college 18. 1 19.8 
Completed college 49.2 25:8 
Family Income(%) 
< $15,000 18.0 36.0 
$15,000-$24,999 8.6 13.6 
$25,000-$49,999 16.6 16.8 
2: $50,000 56.8 33.6 
Maternal race·(%) 
White non-Hispanic 70.7 55 .2 
Black non-Hispanic 7.9 11.1 
Hispanic 12.0 24.5 
Asian 8.3 6.8 
Other 1.1 2.5 
Married (% ), no 31.1 50.9 
Smoking in pregnancy (%) 7.2 9.4 
Pregnancy Intention(%) 
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Then or sooner 
Later 
Did not want pregnancy 
Gov't paid pregnancy/delivery, WIC usee (%), any 
Household income < federal poverty level(%) 
Parity(%) 
1st born 
3rd or higher 
Pre-pregnancy BMI (%) 
Underweight ( < 18.5) 
Normal (18.5-24.9) 
Overweight (25 .0-29.9) 
Obese (2: 30.0) 
No prenatal care in first trimester(%) 
Cesarean delivery (%) 
Intimate Partner Violence (%) 
Depression! anxiety visit before pregnane/(%) 
HCW talked with mother during prenatal care for 
depression during / after pregnane/(%) 
Infant characteristics 
Infant had birth defect (%) 
Gestational Age < 37 weeks(%) 
Birthweight < 2500g (%) 
NICU stay(%) 
69.4 
24.7 
5.9 
41.4 
18.0 
49.8 
32.6 
17.6 
4.0 
57.6 
21.4 
17.0 
11.3 
33.3 
1.1 
12.7 
77.3 
5.2 
6.3 
6.6 
10.2 
6.7 
60. 
31.1 
8.8 
69.2 
30.3 
47.7 
30.8 
21.6 
5.2 
54.0 
22.7 
18.1 
15.8 
31.9 
2.3 
18.7 
77.9 
8.5 
8.9 
9.4 
20.9 
14.5 Infant length of stay > 6 days (%) 
Infant age at time of PRAMS (days) 107.2 120.0 
•population-based frequencies were weighted by race/ethnicity. 
bExclusions= Mothers missing PDS information (n= l78), or baby died before 
completing PRAMS (n=30), or used HIH before PRAMS (n=889). 
0 lncludes Medicaid, Commonwealth Care, Free-Care or WIC use during prenatal care 
or delivery. 
dQuestion in MA-PRAMS 2009 survey, total N= l ,388; n=1,024 included, n=364 
excluded. 
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6.3.2 PDS and the risk ofHIH among 2007-2009 MA-PRAMS mothers, controlling for pre-PRAMS HIH utilization (n =4,179) 
PDS and the risk of HIH among 2007-2009 MA-PRAMS mothers, controlling for pre-PRAMS IDH utilization (n=4,179) 
N N with HIH outcome unadjusted RR (%, weighted)3 (95% CI) 
AnyHIH 
NoPDS 3,528 1,781 (47.9%) 1.00 (reference) 
PDS 651 383 (61.9%) 1.17 (1.09-1.25) 
Emergency Dept. 
NoPDS 3,370 I ,623 (45 .6%) 1.00 (reference) 
PDS 617 349 (59.4%) 1.18 (1.09-1.27) 
Observational Stay 
NoPDS 1,880 133 (6.4%) 1.00 (reference) 
PDS 307 39 (14.3%) 1.81 (1.29-2.53) 
Hospitalization 
NoPDS 2,132 385 (14.9%) 1.00 (reference) 
PDS 361 93 (31.5%) 1.43 (1.17-1.74) 
3Population-based frequencies were weighted by race/ethnicity. 
b Adjusted for pre-PRAMS HIH utilization. 
adjusted RRb multivariable RRc 
(95% CI) (95% CI) 
1.00 (reference) 1.00 (reference) 
1.07 (1.00-1.14) 1.02 (0.96-1.09) 
1.00 (reference) 1.00 (reference) 
1.07 (1.00-1.14) 1.02 (0.95-1.09) 
1.00 (reference) 1.00 (reference) 
1.29 (1.00-1.65) 1.23 (0.94-1.61) 
1.00 (reference) 1.00 (reference) 
1.23 (1.02-1.50) 1.07 (0.94-1.22) 
cAdjusted for pre-PRAMS HIH utilization, maternal age, education, government paid healthcare/WIC, race/ethnicity and IPV. 
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6.3.3 PDS and the risk ofHIH among 2007-2009 MA-PRAMS, by race/ethnicity, controlling for pre-PRAMS HIH utilization 
PDS and the risk of lllH among 2007-2009 MA-PRAMS, by race/ethnicity,a controlling for pre-PRAMS HIH utilization 
White, non-Hispanic Black, non-Hispanic Hispanic Asian 
(%) multivariable (%) multi variable (%) multivariable (%) multivariable 
n 
lllHb RRC (95% CI) n HIHb RRC (95% CI) n HIHb RRC (95% CI) n HIHb RRC (95% CI) 
NoPDS 1,162 44.6 1.00 (reference) 686 57.0 1.00 (reference) 889 52.3 1.00 (reference) 684 39.0 1.00 (reference) 
PDS 127 62.2 1.04 (0.90-1.20) d 150 61.3 1.02 (0.90-1.17)" 191 76.6 1.14 ( 1. 02-1.28) f 158 35.3 0.85 (0.69-1.05)g 
PDS-help 44 67.2 1.12 (0.92-1.36) 30 48.6 1.01 (0.82-1.24) 67 71.5 1.02 (0.89-1.18) 24 32.1 0.77 (0.48-1.23) 
PDS-no help 83 59.0 1.00 (0.83-1.92) 83 48.5 1.03 (0.88-1.21) 124 79.3 1.17 ( 1.06-1.28) 134 35.8 0.87 (0.69-1.08) 
aN=4,172. Seven mothers missing race/ ethnicity data were excluded. 
bPopulation-based frequencies were weighted by race/ethnicity. 
cAdjusted for pre-PRAMS HIH utilization, maternal age, education, government paid healthcare/WIC and JPV. 
dRR for the association of PDS with HIH is statistically different from that among Hispanic (p=0.0064) and Asian mothers (p=0.0007). 
eRR for the association of PDS with HIH is statistically different from that among Hispanic (p=0.043) and Asian mothers (p<O.OOOl). 
rRR for the association of PDS with HIH is statistically different from that among White non-Hispanic (p=0.02) and Asian mothers 
(p<O.OOOI). 
gRR for the association of PDS with HIH is statistically different from that among White non-Hispanic (p=0.0032), Black non-Hispanic 
(p==0.0002) and Hispanic mothers (p<O.OOOI ). 
6.3.4 PDS and the risk of HIH among 2007-2009 MA-PRAMS mothers who completed PRAMS by 
infant's 120th day (n=2,377) 
PDS and the risk ofHIH among 2007-2009 MA-PRAMS mothers who completed PRAMS by infant's 
120th day (n=2,377) 
N N with HIH outcome unadjusted RR multivariable RRb (%, weighted)3 (95% CI) ~95% Cl) 
AnyHIH 
NoPDS 780 825 (39.2%) 1.00 (reference) 1.00 (reference) 
....... 
Vl PDS 338 155 (48.2%) 1.13 (1.00-1.29) 1.03 (0.91-1.17) -....) 
Emergency Dept. 
NoPDS 2,000 786 (38.2%) 1.00 (reference) 1.00 (reference) 
PDS 326 143 (46 .2%) 1.11 (0.97-1.27) 1.01 (0 .89-1.15) 
Observational Stay 
NoPDS 1,263 49 (3.6%) 1.00 (reference) 1.00 (reference) 
PDS 196 12 (7.0%) 1.71 (0.94-3.09) 1.52 (0.85-2.72) 
Hospitalization 
NoPDS 1,3 12 98 (6.1%) 1.00 (reference) 1.00 (reference) 
PDS 207 24 (15 .2%) 1.55 (1.02-2.36) 1.36 (0.88-2.1 0) 
aPopulation-based frequencies were weighted by race/ethnicity. 
b Adjusted for maternal age, education, government paid healthcare/WIC, race/ethnicity and IPV. 
-Vl 
00 
6.3.5 PDS and the risk of H!H among 2007-2009 MA-PRAMS, by race/ethnic it/ among mothers who completed PRAMS by infant 's 
I 20th day 
PDS and the risk ofiDH among 2007-2009 MA-PRAMS, by race/ethnicity3 among mothers who completed PRAMS by infant's 
120th day 
White, non-Hispanic Black, non-Hispanic 
(%) multivariable (%) multivariable 
n 
HIHb RRC (95% CI) n HIHb RRC (95% CI) 
NoPDS 780 37.3 1.00 (reference) 349 48.6 1.00 (reference) 
PDS 70 46 .2 1.07 (0.81-1.42) d 75 52.5 0.98 (0.76-1.26)e 
PDS & help 22 n/r11 1.35 (0.96-1.91) 19 nlrh 0.87 (0.52-1.47) 
PDS no help 48 41.1 0.94 (0.65-1.3 8) 56 55.0 1.02 (0. 78-1.33) 
aN=2,374. Three mothers missing race/ ethnicity data were excluded. 
bPopulation-based frequencies were weighted by race/ethnicity. 
D 
418 
88 
29 
59 
cAdjusted for maternal age, education, government paid healthcare/WIC and IPV. 
Hispanic Asian 
(%) multivariable (%) multivariable 
HIHb RRC (95% CI) n HIHb RRC (95% CI) 
52.6 1.00 (reference) 444 30.8 1.00 (reference) 
68.5 1.22 (1.03-1.45l 97 24.1 0.70 (0.47-1.04)g 
64.2 1.17 (0.88-1.55) nlr11 20.0 0.57 (0.17-1.89) 
70.6 1.25 (1.02-1.52) 87 24.5 0. 72 (0.48-1.08) 
dRR for the association ofPDS with HIH is statistically different from that among Hispanic, p=0.0035; Asian mothers. p=0.0063. 
eRR for the association ofPDS with HIH is statistically different from that among Hispanic, p=0.0225; Asian mothers, p=0.0008,. 
~"RR for the association ofPDS with HIH is statistically different from that among White non-Hispanic, p=0.0419; Asian mothers, 
p<O.OOOI. 
gRR for the association of PDS with HIH is statistically different from that among White non-Hispanic, p=0.0179; Black non-Hispanic, 
p=0.0008; Hispanic mothers, p<O.OOOI. 
11Not Reportable. Calculations based on fewer than II events are suppressed to maintain the privacy of data subjects per request from the 
Massachusetts Department of Public Health Privacy and Data Access Office. 
6.3.6 Association ofPDS and HIH among race/ethnicity groups of 
mothers, 2007-2009, using Asian mothers as reference group 
Association of PDS and HIH among race/ethnicity groups of mothers, 
2007-2009, using Asian mothers as reference group 
race I ethnicity and PDS status of mothers 
Asian, no PDS 
Asian, with PDS 
White, non-Hispanic, no PDS 
White, non-Hispanic, with PDS 
Black, non-Hispanic, no PDS 
Black, non-Hispanic, with PDS 
Hispanic, no PDS 
Hispanic, with PDS 
multivariable RRa,b 
(95% CI) 
1.00 (reference) 
0.71 (0.52-0.97) 
1.08 (0.95-1.24) 
1.21 (0.94-1.57) 
1.12 (0.97-1.31) 
1.15 (0.92-1.44) 
1.18 (1.03-1.37) 
1.48 (1.23-1.78) 
3n=3,340. Five mothers missing race/ ethnicity data were excluded. 
b Adjusted for maternal age, education, government paid healthcare/WlC and 
IPV. 
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